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CHAPTER I.
INTRODUCTORY.
1. THE TRENDS OF THE BIRTH-RATES AND
DEATH-RATES IN SCOTLAND, ENGLAND AND
WALES, AND SWEDEN.
The population of any one country is composed
of sections which differ widely in their social and
economic circumstances. It would be of interest to
examine the changes which have occurred in the
fertility and mortality rates of a few limited and
approximately homogeneous groups, in order to find
out what irregularities such simple aggregates pre¬
sent, and also to compare one group witn another.
However, the data available In the published reports
of registrars-general and departments of vital
statistics are generally not sufficiently detailed to
allow of an investigation of this kind being under- ,
taken. Nevertheless,it happens there is one major
division of the population in respect of wnich the
published Scottish figures permit an analysis to be
made. This Is the division of the whole area into
geographical groups of towns of different sizes on
the one hand, and country districts on the other.
2.
\
The contrasting conditions prevalent in these
different sections of the community make such an
.
analysis of special significance at the present time, i
when concern is heing felt about the decline of the
; population which will take place in this country in
the near future, in consequence of the long-continued
downward trend of the birth-rate.
During recent decades the vital statistics of
the more developed countries of the world have exhi¬
bited two outstanding features: the first is a
decline in the death-rate, and the second a similar
decline, in the birth-rate, the latter setting in some
time after the former. It is generally realised
that/ for an adequate study of the changes involved,
it is necessary, not merely to consider the crude
birth and death-rates - that is, the number of births
and deaths respectively per 1000 inhabitants - but
also to take into account the age and sex distribution
of the population. However, with the object of plac¬
ing the more recent changes in fertility and mortality
In their proper perspective, a table and a diagram
iaave been prepared, showing the crude birth-rates and
leath-rates in Scotland, England and Wales, and Sweden
extending as far back as official records are avail¬
able .
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b. For the years 1915-20 and from 3rd September, 1939, the
mortality rates for males and from 1st June, 1941, for
females, are based upon civilians only.
c. Death-rates for 1940 onwards are based on civilian popu¬
lation and civilian deaths.
Sources; Statistisk Arsbok fdr Sverige, 1937, pp. 42, 43.
Registrar-General's Statistical Review of England and
Wales, 1940. Part II, p. 6 (birth-rates).
Ditto, 1941. Part I, pp. 3, 4 (death-rates).
Eighty—Ninth Annual Report of the Registrar—General
for Scotland, 1943. P. cxxiv.
4.
Official Swedish figures for birtn-rates and
deatn-rates are at our disposal from the middle of
the eighteenth century, that is, from a time about a
hundred years earlier than corresponding statistics
in this country. Such records, covering a period of
nearly two centuries, are extremely valuable, even
though trie completeness of registration during the
earlier years may perhaps be questioned. Although
the birth-rate fluctuated widely from year to year,
the diagram shows that the value for quinquennial
periods remained almost entirely between 30 and 35
from 1756-60 to 1861-65. In 1866-70 the rate fell
below 30 for the first time, and, although it rose
again slightly in the succeeding five-year period, it
decreased progressively thereafter. The first con¬
tinuous decline may thus be said to have commenced
about 1875.
!
Official registration began in England and Wales j
I
in 1837, but did not become compulsory till 1875. In;
Scotland it was not started till 1855, but was com¬
pulsory from the beginning. In both countries a
slight rise in the birth-rate Is observable during
the early years of registration. There is no reason i
to believe that any real rise in the birth-rate
occurred during this period, and there seems to be
little doubt that the explanation lies in the defec-
•
i
tive registration which one might expect to experiencei
5.
during the few years following on Its introduction.
A similar conclusion was reached by Newsholme and
Stevenson (1906).
After the initial rise, the birth-rates In Scot¬
land and England remained in the neighbourhood of 35
per 1000 for about twenty years. The first defi.nite
fall occurred in 1881-85, and from that time the rates
in both countries declined steadily, except that
there was a sharp fall during the First World War,
followed by a sudden rise immediately afterwards.
This temporary deviation from tne general trend is
not apparent from our table, which only gives average
values over quinquennial periods, but In certain
single years it was conspicuous. In the Second World!
War the Scottish birth-rate tended to increase ratner
than diminish.
Of the three countries, it will be observed, the
Swedish birth-rate remains lowest except in 1916-20,
whilst for over forty years the Scottish figures have
been highest. During tne last two decades, in fact,
the Scottish rates have been substantially higher than
those of England and Sweden.
It is generally accepted that the birth-rate in
North-V/estern Europe did not start to decrease till
about 1875. Since that date, with the exception of a
sharp fall in certain countries during the First World
6.
War, followed temporarily by a snarp rise, the down¬
ward trend has been extremely steady. This decline
has been experienced in nearly all civilised countries,
including those of South-Eastern Europe, North America,
Australia, and New Zealand. In some parts of the
world the change has set in considerably later than
in others, and it is interesting to note that, general¬
ly speaking, the later the period of' onset, the more
rapid has been tne fall.
The trends of the death-rates in the three coun¬
tries may also be followed from the diagram. That
of Sweden is seen to vary, broadly speaking, between
25 and 30 from the middle of the eighteenth century
till about 1815. From then on, there was a gradual,
but Irregular, trend downwards, till the quinquennial
rate fell below 20 for the first time in 1861-65.
Since about that period it has decreased with greater
regularity. The fall in mortality in Sweden, then,
appears to have preceded the fall in fertility by many
years. During the much shorter period for which
reliable English and Scottish death statistics are
available, the Scottish curve keeps at a higher level
than that of Sweden, and folxows a more or less
parallel course, whilst the English curve, although
also higher than the Swedish for several decades, has
stood at practically the same level for many years.
7.
The official record in England and Wales goes
"back only to 1837, and in Scotland no further than
1855. In both countries the first official Census
was not taken until 1801, and subsequent enumerations
of the population were made at every tenth year. At
the same time, prior to the introduction of official
*
registration of births ana deatns in England, returns
were obtained of the numbers of burials, baptisms,
and marriages throughout the country. These returns,
which were derived from Parish Registers, were known
to be incomplete, at least in respect of burials and
baptisms; as Rickman, who was responsible for the
first four Census returns, says in the "Abstract" for
1831 (p. xxxi), "in some places Dissenters from the
Established Church and persons inattentive to religious
rites are so numerous that the Marriage Register only
is worthy of reliance". The defects seem to have
been particularly grave in the Scottish returns, but
in connection with the Englisn figures various esti¬
mates have been made of the error involved, with a
view to arriving at approximate values of the true
birth-rates and death-rates, at least back to 1801.
Rickman himself considered (loc. cit. , p. xxxv) that
the death-rate exceeded the burial rate by one sixth,
j
and, if we accept this figure, we may make estimates
of the death-rates for the earlier years of the
8.
nineteenth century. In Table II we reproduce the
proportions of baptisms, burials, and marriages to the
population, as given in the 1831 "Abstract" (p.xxxii).
TABLE II.
"Table of the Annual Proportions of Baptisms,
Burials, and Marriages, to trie Population of Eng- |
land; calculated upon an Average of the Totals of
such Baptisms, Burials, and Marriages, in the Five
Years preceding the several Enumerations of 1801,
1811, 1821, and 1831."
Baptisms Burials Marriages
1796-1800
v " 1/36 1/48
1
1/123
1806-1810 1/32 1/49 1/121
1816-1820 1/33 1/55 1/127
1826-1830 i 1/34 1/51 1/128
Note: This table does not include Wales.
Source: "Abstract" for 1831, p. xxxii.
Table III has been constructed containing tne
burial rates (annual number of burials per 1000 of
the population) corresponding to Rlckman's "propor¬
tions", and the death-rates calculated by adding one
sixtn to the burial rates.
9.
TABLE III.
Burial Rates and Deatn-Rates (annual Burials
and Deaths respectively per 1000 Inhabitants),
England, 1796-00 to 1826-50.
Burial Rates One Sixth of
Burial Rates
Death-Rates
1796-00 20.8 3.5 24.3
1806-10 20.4 3.4 23.8
1816-20 18.2 3.0 21.2
1826-50 19.6 3.3 22 .9
Note: This table does not include Wales.
The discrepancy between the birth-rate and the
baptism rate is probably somewhat greater tnan that
between the death-rate and the burial-rate, and it may
be not unreasonable to augment the baptism rate by one
I
fifth in order to obtain an estimate of the birth-rate.
I
The resulting figures are set forth in Table IV, in
which the baptism rates are tne equivalents of the






Baptism Rates and Birth-Rates (Annual Bap¬
tisms and Births respectively per 1000 Inhabi¬
tants), England, 1796-00 to 1826-30.
Baptism Rates One Fifth ofBaptism Rates
1 1 "
Birth-Rates
1796-00 27.8 5.6 33.4
1806-10 31.3 6.3 37.6
1816-20 30.3 6.1 36.4
1826-30 29.4 5.9 35.3
Note: This table does not include Y/ales . -
If we compare the birth and death-rates In Tables^
III and IV with those for the period 1841-45, based oh
the official registration returns, it will be seen that
the official figures are lower than the estimates.
There is, however, strong reason to believe tnat at
this early date, when the official registration was
non-compulsory, it was incomplete, especially with
regard to births. The recorded birth-rate, in fact,
steadily increased over three decades and ultimately
t
reached a figure in the neighbourhood of 35; it is
very probable that the real birth-rate during the
whole of this period was constantly in this neighbour¬
hood. The official death-rate from 1845 onwards
oscillated between 22 and 23 or thereabouts, a range
not very different from that given by the calculated
11.
figures for the period 1796 to 1830. In this way,
plausible figures for the birth-rate and death-rate
for England may be constructed back to about 1800.
Figures for years prior to 1800 involve even more
hazardous assumptions, and become, on the whole, in¬
creasingly unreliable the further back we go. The
problem is complicated by tne absence of reliable
enumerations of the total population of the country.
The whole subject has been fully discussed by Griffith
in his book, "Population Problems of the Age of
Malthus", 19^6. It contains (p. 43) an interesting
graph which shows Griffith's reconstruction of the
birtii-rates and death-rates in England back to 1700.
It appears that the death-rate rose during the first
few decades of the eighteenth century and reached a
maximum of between 33 and 34 in 1730, after which it
fell to about 23 in 1800, with a secondary minimum
(27) in 1760 followed by a maximum (29) in 1780.
I
Throughout the century the birth-rate, like that of
Sweden, remained almost entirely between 30 and 35.
Broadly speaking, we may conclude that, up to recent
times, tne birth-rate in a country tended to remain
relatively constant, whilst the death-rate underwent |
various fluctuations, according to the economic and
social conditions to which the population was sub¬
jected. Consequently, variations in the rate of
12.
Increase of the population are to be attributed to
changes in the death-rate rather than in the birtn-
rate..
As we nave seen, the official registration of
births and deaths in Scotland did not begin till 1855,
and the Census returns of 1801, 1811, etc., offer
little assistance with regard to birth-rates and
death-rates, on account of the incompleteness of the
relative data. The best we can do, therefore, to
obtain some idea of the earlier vital statistics of
Scotland, is to make some very general assumptions,
justified in a broad sense by the analogous experience
of Sweden and England and Wales.
Scotland has one advantage over England in res¬
pect of its earlier population history, in that we
possess reliable estimates of the number of its inhabi
tants for times preceding the first Census of 1801.
The results contained in Sir John Sinclair's "Statisti
cal Account of Scotland" give information about the
population, referred, according to the parish, to the
years 1790 to 1798. Sinclair uses this information .
to make an estimate of the total population of Scot¬
land which may be taken as referring to the year 1795,
and amounted to 1,526,492 (Vol. 20, 1798, p. 621).
This is reasonably consistent with the figure found at
the 1801 Census.
15.
From our present point of view, a much more
interesting, because considerably earlier, estimate is
that of the Reverend Alexander Webster, D.D. This
minister of the Tolbooth Church, Edinburgh, obtained,
between 1743 and 1755, from his fellow ministers
throughout the covin try, a fairly accurate count of
the inhabitants of every parish. The results of his
important investigation are contained in "An Account
of the Number of People in Scotland in the year One
Thousand Seven Hundred and Fifty-five", a copy of
which, in manuscript, is preserved in the National
»
Library, Edinburgh. Although a few typewritten
copies are known to be in existence, the work has not
been published. Webster computed that the population
in 1755 was 1,265,380. Unfortunately the enquiry
did not include estimates of the numbers of births,
deaths, and marriages.
This 1755 estimate of the population is the
earliest one which can be regarded as really accurate.
After the Union with England in 1707 an estimate is
given in the Parliamentary Reports, and here the
figure is 1,048,000. Our authority for this statement
is Sinclair (1826, pp. 148-9), but we have hot been
able to discover the Reports referred to.
i
About the year 1250, in the reign of Alexander




to be only about 600,000. According to Sinclair (loc.
clt., p. 148), "This number is not given as the result
of an actual enumeration, but as the best estimate
that could be formed from historic information".
Prom these estimates of the population of Scot¬
land, along with those found at decennial intervals
when the official Census was started in 1801, the
yearly rate of increase at different periods may be
calculated, on the assumption that we are dealing
with a geometric progression. Now., as we have al¬
ready seen, the birth-rate in England and in Sweden,
as far as they can be reconstructed backwards through
the early years of the nineteenth and into the eight¬
eenth century, never deviated very much from 35 per
1000. The Scottish figure between 1860 and 1880 was
also about 35. We shall therefore assume that the
Scottish birth-rate previous to 1860 remained approxi¬
mately constant at this figure. The difference
between the rate of increase shown in the next table
and this value of the birth-rate (35 per 1000) is
taken to be the death-rate. It has to be kept in
mind that the rate of change of the population involves,
not only the birth-rate and the death-rate, but also
Immigration and emigration. Emigration was probably
I
on a small scale up to 1821 (where our table stops),
!
and the net effect of emigration and immigration from
15.
Ireland la not likely to have been an important one. j
!
!However, the whole method is obviously open to criti- j
.
cism in viewjof the rather speculative nature of the
I j
j assumptions made, and the results of Table V should be
regarded merely as an indication of the probable trend;
of the death-rate in Scotland in pre-registration days.
TABLE V.
Death-Rates in Scotland, 1250 to 1821,
derived from the Rate of Increase of the Popula¬




























This somewhat speculative series of figures for
the birth-rates and death-rates of Scotland in the
distant past can only be taken as indicating the
16.
\
average levels over the various epochs. In particular
years, or even during considerable periods, there may
have been wide fluctuations. The death-rate, in
| particular, might change rapidly from year to year,
I
jwhen epidemics such as the plague were wont to sweepj
over the nation, decimating the population. However,
| in the absence of any reliable vital statistics for
Scotland based on direct observation, such a recon¬
struction may perhaps be justified.
17.
2. THE OBJECT OF THE PRESENT STUDY.
It Is with this "background in mind, and especial-'
: ly the more recent changes in fertility and mortality,
| that the present study has been undertaken. Broadly
speaking, our object has been to make a comparison
between the urban and rural districts of Scotland,
particularly from the point of view of the influence
of the different types of environment on the health
of the community. The period covered is from 1855,
.
when official registration was introduced, to 1943,
the last year for which the Registrar-General's Annual
Report is available.
In view of the complexities of the geographical
classification employed from time to time by the
Registrar-General in his Reports, and the large num¬
ber of technical terms which are needed in vital
statistics, it seemed desirable to devote Chapter II
to a brief survey of the geographical divisions of
the country, and definitions of the various measures
of mortality and fertility. The substance of the
study is contained in Chapters III, IV, and V.
Chapter III is devoted to an analysis of the
death-rates in the town and country districts of Scot
land. Our aim here has been to select the indices
of mortality best suited for the assessment of the
18.
relative "healthiness" of the urban and rural environ
ments, and to present an analysis of the data in terms
of these indices.
In Chapter IV, the mortality due to cancer is
specially analysed, both in respect of its geographical
distribution and of the changes which have taken place
between the decade 1921-30 and the period 1931-37.
In order to shed further light on certain problems, an
analysis has also been made in respect of the various
tumour locations, and the results are discussed from
several points of view.
Finally, In Chapter V, the fertility of Scottish
women is discussed from two points of view - firstly,
the differences in fertility between various geo¬
graphical areas, and, secondly, the changes in fertility
which have taken place during the past seventy years.
Here, too, the differences between town and country
areas have been kept in view.
In the last chapter the results are summarised,









1. TEE URBAN AND RURAL DIVISIONS
OF SCOTLAND.
> -
A description will now be given of how Scotland
has been divided, for statistical purposes, into
various groups of districts, having different urban or,
j
rural characteristics. As nearly all the raw data em¬
ployed in our work ha« been extracted from the Annual
Reports of the Registrar-General and from the Census
Reports, it has been necessary to employ throughout tlie
j
classification adopted in these publications. The
following is a brief summary of this classification,
and indicates the changes which have been introduced
.
from time to time by the Registrar-General. .These
changes are represented graphically in Diagram 2,
i
which shows how the-relative proportions of the dif¬
ferent groups have altered during the past eighty
years. The actual populations of the groups, as
enumerated at each Census, is given in Table VI. No ;
I
Census having been taken in 1941, estimates of the
populations of the various groups in 1939 have also
been included. Limited use of the National Register
of 1939 was made by the Registrar-General in drawing
20.
up these estimates. The tahle also contains the
percentage proportion which each population represents
of the entire country. Corresponding figures for
j certain individual Principal Towns and Large Burghs
have been collected in Appendix B.
.
It is noteworthy that in 1939 the population of
I
I
| Scotland exceeded five million for the first time in
i
i
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Diagram 2.
The Populations of the .Urban and Rural
Divisions of Scotland, expressed as Percentages of
the Population of the Entire Country, 1861 to 1939.
21.
TABLE VI.
The Population of the Urban and Rural Divisions

































































































































Note: We subdivided the Town population of 1861 ihto Principal
Town and Large Town by subtracting the sum of the eight
individual Principal Towns, 884,154 (28.9$), from the
Town population. The result, 254,030 (8.3$) was the
Large Town population.
(E) Population actually enumerated in each group.
(R) Population referred to group in which normally resident.
(S) The 1939 figures are estimates, not enumerations.
The figure beneath the population of each division is the per¬
centage ratio of the population to that of the entire country,
22.
The geographical -units from which all Scottish
vital statistics are collected are the registration
districts, each of which, generally speaking, corres¬
ponds to a parish. The populations of these districts,
i
about 900 in number, range from a few hundreds to over
i
90,000.
In the Annual Reports from 1855 to 1870, Scotland
was divided into three groups of districts. These
divisions were known as "Town", "Mainland-Rural", and
"Insular". The Town Group embraced all the towns,
about twenty in number, with populations above 10,000
The Insular Group Included Orkney, Shetland, Bute,
and the islands of Ross and Cromarty, Inverness, and
Argyll. The Mainland-Rural Group was composed of
the entire mainland excluding the Town portion, and
consequently contained the numerous small towns with
populations less than 10,000.
In 1871 a further subdivision of the above three
groups into five was carried out, and this arrange¬
ment continued till 1911. The new groups were de-
t
fined as follows.
1. The group of "Principal Towns", consisting til!.
1901 of those towns which had populations exceeding
25,000. A change was made in 1901, raising the lower
limit of a Principal Town to 30,000. Under this
category in 1871 were Glasgow, Edinburgh, Dundee,
Aberdeen, Paisley, Greenock, Leith, and Perth. By
23.
1910, due to their increasing population, Partick,
Govan, Kilmarnock, Coatbridge, Hamilton, Motherwell,
and Kirkcaldy had been added to the list.
2. The Group of "Large Towns", containing all
towns with populations between 10,000 and the lower
limit for Principal Towns.
3. The Group of "Small Towns", each having a popu¬
lation of from 2,000 to 10,000.
4. The "Mainland-Rural" Group, comprising the
whole of the mainland not included in the foregoing
urban groups. It differed substantially from the
group of the same name prior to 1871, in that it did
not contain any small towns.
5. The "Insular-Rural" Group, being the Insular
Group mentioned above, leaving out the Small Towns of
Kirkwall, Lerwick, Stornoway, and Rothesay.
In 1911 the system of preparing and publishing
the vital statistics of Scotland was completely re¬
organised. Amongst other innovations, a fundamental
cnange wa3 made in the presentation of statistics for
the urban and rural divisions of the country. Al¬
though the ultimate unit continued to be the Registra¬
tion district, the new scheme wa3 based on Public
Health Districts. These were defined in the Public
Health (Scotland) Act, 1897, and consisted of burghs,
each taken separately, and county, or extra-burghal,
24.
districts. Burghs are often quite small, for example
East Linton and Dornoch with populations of less than
1000, whilst, on the other hand, certain medium-sized
towns, such as Camhuslang with a population over
25,000, do not possess burghal status. Three great
groups of Public Health Districts were created,
namely:
1. The Group of "Larger Burghs", those with popu¬
lations exceeding 30,000. This group included, in
addition to the towns already given under Principal
Towns, Falkirk, Clydebank, and Ayr, which had attained
populations of 30,000 in the 1911 Census, but in 1911
were not ranked as Principal Towns, not having been
in that category according to the 1901 Census. This
evidently accounts for the fact that in 1911 the
Larger Burghs formed 45.5 per cent, of the entire
country, whereas the Principal Towns formed only 43.3
per cent. A possible minor cause of discrepancies
between the populations of Towns and Burghs lies in
the fact that the boundaries of the "Town" and corres¬
ponding "Burgh" are not always coincident. In 1913
the boundaries of Glasgow were extended to take in
Partick and Govan, while in 1921 those of Edinburgh
were altered so as to include Leith. In the same
year Dunfermline became a Larger Burgh, bringing the
number up to sixteen.
25.
2. The Group of "Smaller Burghs", consisting of
those with populations of less than 30,000.
3. The Group of "County Districts", "being the
rest of the country.
The classification just outlined has remained in
force to the present day with only one major altera¬
tion, namely, that in 1931 the lower limit for Larger
Burghs was reduced from 30,000 to 20,000, (the popula¬
tion being that given by the Census of 1921), and
Arbroath, with a population of over 19,000 in 1921,
was specially included. This increased the number
of Larger Burghs from sixteen to twenty-four. At
the same time the nomenclature was changed from
Larger Burghs, Smaller Burghs, and County Districts,
to "Large Burghs", "Small Burghs", and "Landward
Areas".
The change brought about in 1911, however neces
sary it may have been for administrative purposes, was
regrettable from the statistician's point of view,
resulting, as it did, in a serious break in the con¬
tinuity of urban and rural statistics. Although
the Larger Burghs are more or less identical with the
Principal Towns which they replace in the Annual
Reports, a comparison of the two methods of classifi¬
cation, both referring to 1911 (see diagram), will
show that there is considerable difficulty in deciding
26.
which, of the other groups of the older classification
are most suitable for comparison with those of the new
For example, in 1911 Large Towns made up 13.4 per cent
of the population of Scotland and Small Towns 21.0 per
cent., whilst the new Group of Smaller Burghs comprised
20.4 per cent. All things considered, it is thought
permissible to regard the Large Towns as being con¬
tinued in the Smaller Burghs, though the latter cate¬
gory also includes many Small Towns.
There is, unfortunately, no group in the new system
which compares, except approximately, with the old
Mainland-Rural. It will be observed that this division
constituted 19.9 per cent, of the country in 1911,
whereas the new County Districts, owing to the inclu¬
sion of numerous towns not having burghal status
(although often of considerable size), accounted for
34.0 per cent. This group (known since 1931 as
Landv/ard Areas), although representative of the
country, has the serious drawback of not being uni¬
formly rural in character, especially in certain areas
such as the central industrial belt. Here, in the
counties comprising what are called the East- and
West-Central Divisions, it was found at the 1931 Census
that 58.6 per cent, of the Landward portion was enumer¬
ated in urban districts, whilst, in the Landward Areas
' I
to the north and south of this belt, the percentage was
|
only 3.7. In spite of the obvious objections,
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however, the County Districts and the Landward Areas,
spread over the country as a whole, may he taken in
many statistical investigations as representative of
rural Scotland.
No serious break in continuity resulted from the
alterations mg.de in 1931, as the only effect was to
raise the population of the Larger Burghs from 50.7
to 54.3 per cent, of that of Scotland (the Smaller
Burghs falling correspondingly from 18.8 to 15.1 per
cent.) .
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2. MEASURES OF MORTALITY. •
Although it would he more logical to discuss
fertility before mortality, it has been decided to
deal with the latter first. Our principal reason for
so doing is that various measures of fertility em¬
ployed are more easily described, and their signifi¬
cance more clearly realised, after a knowledge has
been gained of certain mortality measures to which
they are closely related.
(a) The Crude Death-Rate.
In order to compare with one another the mortal¬
ity experience of a number of communities, or to
observe the difference in mortality of a particular
community at intervals of time, it is necessary to
relate, in one way or another, the number of deaths
in each community to the number of its inhabitants.
The obvious and most elementary method i3 to compute
the ratio between the deaths in one year and the
average total living population throughout that year.
This measure of mortality is known as the "crude
death-rate", or simply the "death-rate" (cf. Table I).
For many years it has been customary to express this
index as the annual number of deaths per 1000 average
total population, the latter being, as a rule, the
estimated mid-year population.
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The crude death-rate is an accurate reflection
of the healthiness of the community only when the age
and sex distribution is kept constant. Two communi¬
ties with different age and sex distributions may in
reality be equally healthy, but show quite different
crude death-rates. In order, therefore, to be able
to draw conclusions about the community's health from
mortality statistics, it is necessary to "correct"
or "standardise" the crude death-rate.
(b) Age Specific Death-Rate3 .
A more complete and accurate picture of mortality
I
is got by computing the annual number of deaths of
males and females, at different ages, per 1000 males
: and females respectively of the same age. For most
; countries which collect vital statistics these "age
specific death-rates" are easily obtainable, for the
age at death -is almost invariably recorded on the death
certificate. A full account of mortality can only be
obtained by calculating such rates for individual
diseases and causes of death. Fhen, owing to the
incompleteness of data, the sexes cannot be separated,
age specific death-rates for persons may be computed.
Age and sex specific death-rates for all causes com¬
bined are shown in Table VII, for Scotland, from
j1860-62 to 1930-32. The deaths on which this table
30,






Age Specific Death-Rates for all causes com¬
bined, Scotland, for the triennial periods centred































































































































































































































Female death-rates uhderlined in red are those which
exceed the corresponding male death-rates.
Sources Seventy-Eighth Annual Report of the Registrar-
General for Scotland, 1932, p. xl.
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The two notable features of age and sex specific
death-rates are at once apparent. Firstly, the rates
of mortality begin with high values in infancy, drop
I
to a minimum in the age-group 10-15, and then steadily
»
increase to the,end of life. Secondly, the male
death-rate at each age is generally higher than the
female. Instances where the reverse holds good have
been underlined in red. These occur only eleven times
out of eighty-eight, and are restricted to ages below
35. •
The one great drawback to the general use of
specific death-rates is that, when reviewing by their
means the mortality of different countries or regions
at different periods of time, the array of figures
presented is so vast that it is difficult to form a
comprehensive view of the situation as a whole. Thus
for less exacting comparisons, and for the simple
classification of mortality records, it is desirable,
when detailed age analysis is not essential, to be
able to express a series of age mortalities by a
single number. Four concise indices of mortality
will now be described, each of which condenses an
array of age specific death-rates over a wide span of
life into one simple number. These are the "stan¬
dardised death-rate", the "equivalent average death-
rate", the "stationary population death-rate"
53.
(Kuczynski's index), and the "generation mortality co¬
efficient" .
(c.l) The Standardised Death-Rate.
We can regard the crude death-rate as that which
is obtained by acting on the age-groups of the actual
population by the corresponding specific death-rates.
The drawback to this index is that the actual age
distribution of the population is uncontrolled; the
accidents of history determine its composition and
consequently it varies from country to country, and at
different times in the same country. It is a natural
step, therefore, to apply the age specific death-rates,
not to an "accidental" age distribution of this type,
but to some standard population. In this way we
obtain the "standardised death-rate" (cf. Table VIII).
Its value will clearly depend on the standard popula¬
tion chosen. The English Registrar-General has for
many years used as his standard population the popu¬
lation of England and Wales at the 1901 Census. In
addition he has sometimes employed the International
Standard Population, 1900, which was proposed by the
International Institute of Statistics in 1917 (Annu-
;aire, 1917). It is made up of the aggregate popula¬
tions of a number of European countries about 1900.
The drawback to the use of such a standardised
death-rate lies in the arbitrariness of the standard
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population. Standardised death-rates vary according
to the standard population used, and even the rela¬
tive difference between two countries at the same
time, or the same country at different times, may
alter considerably with the use of different standard
populations.
The method of standardisation just described can
only be carried out if we know the specific death-
rates of the community under review. It not infre¬
quently happens, however, as when comparing the
mortality experience of different small areas, such
as the counties of Scotland, that specific death-
rates for the separate areas are not available, thus
making it impossible to use the method which has been
explained above. In such circumstances it is cus¬
tomary to adopt an alternative method of standardisa¬
tion, closely related to that already described.
This so-called "indirect" method will now be briefly
outlined.
A standard set of specific death-rates is chosen,
for example those of Scotland as a whole, and, by '
applying these to the respective age-groups in the
population of each local area, a "calculated death-
'
rate" is obtained. This, when divided into the
death-rate of Scotland as a whole, yields a factor for
each local area. The crude death-rate of the area
I
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is multiplied by this factor to obtain the "standard¬
ised" death-rate for that area.
An example of the actual process of calculating
such factors will be found in Chapter IV, in which
extensive use has been made of this indirect method of
standardisation.
It may easily be proved, provided the ratios of
the corresponding specific death-rates in the differ¬
ent populations are constant, that the death-rates
standardised by the direct and the indirect methods,
are in exact agreement.
Both systems, with modifications employed in
their practical use, are fully described in the English
Registrar-General's Decennial Supplement, 1921 (Part
III, p. xxxlii), in which he also gives an interesting
/
history of standardisation in England.
(c.2) The Equivalent Average Death-Rate.
To remove the arbitrariness of the standard
population (referred to above), a natural suggestion
is to employ a population with equal numbers in all
age-groups. Clearly we cannot allow this population
to include high age-groups entirely outwith the limits
of human experience. Indeed, it is obviously desir¬
able to exclude age-groups over, say 70, as otherwise
;he very high specific death-rates at such high ages






| practice this method has been used more for the calcu¬
lation of death-rates from specific diseases than for
total death-rates, and, when dealing with specific
diseases, the range over which the hypothetical popu¬
lation may appropriately he extended, is often fairly
obvious. For example, when dealing with deaths from
cancer it is customary to exclude ages voider 25, as
cancer is very rare below this age, and to take as
upper limit the age 65. This method, of course, is
equivalent to taking the simple average of age speci¬
fic death-rates over the range in question. It has
been discussed by Pearl (1930) and Yule (1934), and
has been used by the English Registrar-General in his
more recent Reports. Examples of this "equivalent
average death-rate", for cancer of various organs,
will be found later in Table XXIX (Chapter IV).
(c.3) The Stationary Population Death-Rate .
Even the equivalent average death-rate contains
a considerable element of arbitrariness, in that the
range of age-groups has to be limited at discretion.
Now, it happens that, given a complete series of
specific death-rates, it is possible to generate from
it a population distribution with which the series
has a unique relation. If we imagine a population in
which the specific death-rates operate, and whose
birth-rate is such that the number of births is equal
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to the number of deaths, the total number in the popu¬
lation will remain constant, and a stationary age
distribution will ultimately establish itself, after
initial fluctuations. It is not difficult to see that
this stationary age distribution is in fact propor¬
tional to the age distribution of survivors in the
life table constructed with the use of the specific
death-rates in question. This age distribution is
clearly a natural one to use for standardising the
death-rate. The death-rate so standardised will also
be the death-rate of the stationary population, and Is
conveniently called the "stationary population death-
rate" .
It is not difficult to show that the stationary
population death-rate is the reciprocal of the expec¬
tation of life at age zero, calculated with the help
of the same specific death-rates, that is, based on the
same life table. The use of the stationary population
death-rate Is strongly recommended by Kuczynski, who,
in order to facilitate its calculation, has described
a simple method of constructing an abridged life table
(1935, p. 170). It is, of course, essentially equi¬
valent to the expectation of life at age zero, which
has been used for many years as a measure of the
vitality of populations.
The great advantage of the stationary population
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death-rate is its freedom from any arbitrary or adven¬
titious factor. Its disadvantage lies in the fact
that the population on which the specific death-rates
are assumed to operate is itself a complicated func¬
tion of these specific death-rates. If we are com¬
paring two different populations, this index involves
allowing their specific death-rates to operate on two
distinct age-group distributions. Usually the
difference between the two age-group distributions isj
such as to oppose the direct effect of the difference
in specific rates; thus, if specific rates are lower¬
ed, the general result is to increase the number of
the aged in the stationary population, and so to
reduce the fall in the stationary population death-
rate to considerably less than it would be if the age-
group distribution had remained constant.
Examples of crude, standardised, and stationary
population death-rates are given below.
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TABLE VIII.
Crude, Standardised, and Stationary Population













1871-80 21.4 20.3 23.28
1881-90 19.1 18.6 22.03
1891-00 18.2 rH•COi—1 21.78
1901-10 15.4 15.2 19.83
1910-12 13.8 13.4 18.73
1920-22 12.4 11.6 COto•H
1933 12.3 9.8 16.45
Source: Kuczynski, 1935, p. 193.
Note: The figures for the crude death-rate are
taken from the Registrar-General's Statis¬
tical Review (1941, Part I, p. 3), and
differ from those given by Kuczynski for
the first two decades. The standard
population used is that of England, 1901.
It is noteworthy that throughout the period
covered by the above table, the crude death-rate lies
between the standardised death-rate and the stationary
population death-rate. This reflects the fact that
the standard population chosen happens to contain an
unusually large proportion of young adults, the
stationary population contains at all periods, but
especially in the more recent years, a high proportion





and after 1901, Is intermediate in character.
|(c.4) The Generation Mortality Coefficient.
In two papers published in 1934 Kermack,
|llcKendrick, and McKinlay showed that for Scotland the
j
'specific death-rate ft,e, for age © in the calendar
i
Iyear t, may, to a close approximation, be expressed
i
I
Jin the form^3e<Xt-», where is a function of the age
ialone, and at-« depends only on t-©, the date of birth.
Clearly both a and [3 are arbitrary to the extent of a
multiplying constant, but this arbitrariness can be
removed if we choose the set of [3e factors so that
their product is equal to unity. The factor cx*-e
is then fixed for each t-©, and is characteristic of
the group of individuals born in this year. It may
be taken as a measure of the general mortality of this
generation of individuals, and will be referred to as
the "generation mortality coefficient". This co¬
efficient will be employed extensively in Chapter III
in our comparison of mortalities in the town and
country districts of Scotland during the past seventy
years, and will be discussed in much greater detail ir.
that chapter.
(d) The Infantile Death-Hate.
The death-rate of children under one year of age,
a special case of the age specific death-rate, is, on
l
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account of its relative severity, of very great im¬
portance. When not forming part of a complete table
of specific death-rates it is frequently computed by
relating the annual number of deaths of children under
one year, not to the average number of children of
that age - which may be somewhat difficult to esti¬
mate - but to the annual number of births in the same
year, and in this form is referred to as the "infan¬
tile death-rate".- It is obvious, if the birth-rate
is rapidly changing (as for exanpile in the years
1919-21), that this measure of mortality may give
somewhat misleading results. But for most practical
purposes it is sufficiently accurate.
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5. MEASURES OF FERTILITY.
(a) The Crude Birth-Rate .
This index, which is defined as the annual number
of births per 1000 total mean population, is an accur¬
ate measure of fertility only when the proportion of
women of child-bearing age in the population is con¬
stant and when their age distribution remains un¬
altered. Two different communities in which the
women at corresponding ages are equally fertile may
show quite different crude birth-rates (cf. Table I) .
Because of the limitations of the crude birth-rate as
a measure of fertility, various other indices have
been devised, of which the following are the most im¬
portant .
(b) General Fertility Hates .
A first step towards the accurate measurement of
fertility is to relate the number of births to the
total number of women of child-bearing age. Rela¬
tively few children are born to women under 15 or
over 45, and therefore for a long time it has been
customary in Britain to relate the births to the
number of women within this age range. The result¬
ing index, the annual number of births per 1000 women
aged 15-45, is called the "general total fertility
rate".
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For many purposes it is important to divide
births into legitimate and illegitimate. These are
naturally related to married and single women respec¬
tively, the latter being unmarried, widowed, or
divorced. Thus, besides the general total fertility
rate, we have the "general legitimate fertility rate",
the annual number of legitimate births per 1000 mar¬
ried women aged 15-45; and the "general illegitimate
fertility rate", the annual number of illegitimate
births per 1000 single women aged 15-45. Many
examples of these indices are given in the chapter on
fertility.
(c) Specific Fertility Rates.
The fertility of women depends very largely on
their age, and it follows that the general fertility
rate is an adequate guage of fertility only when the
age distribution of' women remains constant within the
age range 15-45, the approximate age limits of child-
bearing. For this reason it is important to consider
fertility for different ages of the mother. In prac¬
tice it is not usually convenient to calculate the
specific rates for every single year of age, but it is
j
usually sufficient to work with five-year age-groups, I
for example, 15-19, 20-24, etc. Such "specific
'




"specific total fertility rates", the total number of
children born to mothers of a particular age per 1000
women of that particular age; "specific legitimate
fertility rates", the number of children legitimately
born to married women of a particular age per 1000
married women of that age; and "specific illegitimate
fertility rates",.the number of children illegitimate¬
ly born to single women of a particular age per 1000
single women of that age. From the biological point
of view, importance attaches to the specific total
rates; but when the interpretation of the figures in
terms of known social factors is the objective, the
legitimate fertility rates are especially useful,
because they refer to more homogeneous groups.
The information necessary.for calculating such
rates, namely the mother's age when a child is born,
has been available in some countries for many years.
In Scotland the requisite information is obtainable
for the first year of official registration, 1855, but
the rates computed therefrom (Lewis and Lewis, 1906)
are undoubtedly somewhat low on account of incomplete
registration. From that time until the publication
of the Eighty-Third Annual Report of the Registrar-
General, 1937 (published in 1938), no official speci-
i
fic fertility rates for Scotland were available. In





made on the 1931 Census returns are given, and will
be referred to again in Chapter V. As a result of
the Population (Statistics) Act, 1938, specific fer-
;
tility rates "became available from July 1938 onwards.
I
,
Those rates for the second half of 1938 were published
in the Eighty-Fourth Report, and those for the follow¬
ing five years in the Eighty-Ninth Report (for 1943).
When comparing the fertility of different com¬
munities by means of their specific fertility rates,
it is often difficult, on account of the confusing
arrays of figures presented, to get a clear and simple
picture of the situation. It is thus desirable, when
detailed analysis by age is not required, to be able,
as when dealing with specific death-rates, to repre-
3ent a series of specific fertility rates by a single
} index. Six indices of this type will now be defined,
each of which takes into account the age and sex
constitution of the population. These are: the
"standardised birth-rate", "standardised general
fertility rates", the "gross fertility rate" (called
by Kuczynski the total fertility), the "gross repro¬
duction rate", the "net fertility rate", and the "net
reproduction rate".
| (d.l) The Standardised Birth-Rate.
The crude birth-rate may be regarded as derived
by the action of the specific total fertility rates
| on the corresponding female age-groups of the actual
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■population. Consequently, on account of the "acci-
d<cntal" age and sex distribution of the population,
it is unsuitable for making comparisons. By applying
the opeclfic total fertility rates of different com-
cunities to a chosen standard population we obtain,
for each, its "standardised birth-rate". When
npecific fertility rates for each community are not
available, an "indirect" method of standardisation may
tc u3ed. The process employed is similar to that
adopted for the indirect standardisation of the death--
rato, to which reference has already been made.
[
Standardised birth-rates are very rarely used in
i
, practice.
(d.2) Standardised General Fertility Rates.
'
In the general fertility rate the proportion of
i . ■
women within the age-group 15-45 in the community has
i
1 beon allowed for, but not the age distribution within
j this age range. For this reason it may be desirable
| to standardise the general fertility rate in respect
of the age distribution, and this may be done either
! by the direct method or by the indirect method.
Considerable use has been made of the indirect method
of standardising the general legitimate fertility rate
in Chapter V, and the details of the process will be
I
more fully discussed there.
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(d.3) The Gross Fertility Rate.
Instead of an arbitrary standard population we
rr.ay choose one in which'the numbers of women in all
age-groups are the same. This method gives an index
wnich corresponds to the equivalent average death-ratq
It Is convenient, however, instead of taking the
average of the specific rates to take the sum. The
resulting index is best called the "gross fertility
rate". (Kuczynski (1935, p. 117) calls it "total
| fertility", but see section (e) below.) It repre-
l
oonts the total number of children born to 1000 women
passing through the child-bearing age, it being assume
that all these women survive. As it is often incon-
I
| vcnient to calculate specific rates for each year of
age, in practice it is customary to take five times
the sum of the specific rates for quinquennial age-
groups . As might be expected, the two methods give
| approximately the same results.
t
j (^*4) The Gross Reproduction Rate.1
I
In calculating fertility rates we use the number
of births of both sexes; for certain purposes it is
desirable to work only with female births, and we
speak of "reproduction rates". Thus, the "gross
|
reproduction rate" is obtained by summing the specific
reproduction rates for various ages, and gives the
number of female children born to 1000 women passing
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through the child-bearing age, assuming that none of
tho women dies. In practice the specific reproduc¬
tion rates are not readily obtained, because it is not
usual to classify children according to both age of
tho mother and sex. As, however, the sex ratio at
birth does not significantly depend on the mother's
age, the gross reproduction rate may be calculated by
multiplying the gross fertility rate by the proportion
of all female births to total births in the community.
! (^.5) The Net Fertility Rate.
r
Corresponding to the stationary population death-*
i
■
rate we have the "net fertility rate". To calculate
this we operate with the specific fertility rates on
tho corresponding female age groups of the stationary
population.
(d.6) The Net Reproduction Rate.
The "net reproduction rate" is, of course,
' similarly obtained by operating with the specific
! reproduction rates on the corresponding female age-
I groups of the stationary population, and the resulting
I
| index yields the number of female children born, on
| the average, to 1000 newly born girls during their
lifetime, it being assumed that they die off in
'
accordance with the life table based on the existing
specific death-rates. If the net reproduction rate
lis above unity, the population, after possible
I 49.
\
fluctuations, will ultimately increase exponentially;
If it is below unity, the population will ultimately
die out exponentially; whilst, if it is equal to
unity, the population will approach, and ultimately
settle down to, a steady state, with fixed age distri¬
bution and constant total size.
(o) A Suggested Nomenclature for Measures of Fertility.
J
In view of the many measures of fertility which
ore encountered in vital statistics, it is important
that the nomenclature should "be as simple and syste¬
matic as possible. The following scheme is suggested
as convenient and logical. It seems to embrace most
♦
'of the commonly used indices, and to involve minimum
| changes in the nomenclature at present accepted. The
only deviation from the existing nomenclature is the
1
replacement of "total fertility" (Kuczynski, 1935,
p. 117) by "gross fertility rate".
'
The scheme is based on the following three sets
of terms.
I
, , t(A) Legitimate, Illegitimate, Total.




The following definitions are suggested.
(A) Legitimate, referring to legitimate children
and married women.
j
Illegitimate,' referring to illegitimate children
and single women.
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Total, referring to all children and all
women.
(B) General, for the age-group 15-45, or 15-50,
etc.
Specific, for a particular age, or age-group.
Gross, being the sum of the specific rates for
every year of age.
Net, being the sum of the specific rates for
every year of age, weighted according to
appropriate lx values.
(C) Fertility, to refer to all children, male plus
female.
Reproduction, to refer to female children only.
When the word "rate" is added at the end, the
index is per 1000 women; when the word "rate" is
omitted, -it gives the average per woman.
In general, any index is denoted by three terms,
one from (A), one from (B) , and one from.(C), the
word rate being added when the index has been calcu¬
lated on a basis of 1000 women. Thus, the "general
total fertility rate" is the total children born per
year per 1000 women aged 15-45; the "specific legi¬
timate fertility rate" is the number of legitimate
children born to mothers of a particular age, per
t
1000 married women of that particular age. It is,
i
J of course, possible that certain indices accommodated
)
by the above scheme have little practical significance,
!
and will be rarely, if ever, used.
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(f) Fertility by Age of Mother and Duration of
Marriage.
The fertility of itarried women depends not only
on age but also on duration of marriage. Fertility
rates taking into account both these factors would
therefore be extremely useful in the study of fertili
problems, such as the falling birth-rate. Rates of
this type are not at present obtainable for Scotland,
but, as the result of the Population (Statistics) Act
of 1938 and the recent official sample population
survey, they may become available in the near future
As far as we are aware, Sweden is the only country
for which rates of this kind have already been calcu¬
lated. These were worked out at the Statistical
Institute of the University of Lund by Professor
Wicksell and his colleagues, who kindly sent us a
copy of their results. These are of such unusual
interest that we have prepared an abridged version,
which is reproduced in Table IX (of. Wicksell and
Quensel, 1938). Our method of presentation has been
to arrange the rates at intervals of five years - for




Fertility Rates for Age of Mother and.
Duration of Marriage, Sweden, at five-year
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■Most of the figures given above are derived from
the original table by taking the unweighted
averages for three consecutive durations of mar¬
riage. The rates for 1914 and 1929 are the
averages for triennial calendar periods. The
age-group 45-50 has been omitted.
For age of mother up to 35 fertility falls more
rapidly with increase of duration of marriage than
with increase of mother's age; at higher ages the
53.
fall appears to be greater for an increase in the
mother's age .
Clearly, under present conditions, it may be
just as important in any adequate survey of fertility
to take into account the duration of marriage as well
as the age of the mother. Other factors, such as
the number of children already born, may also have a
significant influence on fertility. However, in the
absence of any data suitable for the investigation of
these factors, it is necessary to concentrate on the
rates as affected by the age of the mother only, and
the discussion in Chapter V is perforce limited to
this aspect of the problem.
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CHAPTER III.
MORTALITY. IN SCOTLAND: A COMPARISON OF
URBAN AND RURAL AREAS.
1. , CRUDE DEATH-RATES.
In order to present a rough picture of mortality
in the various urban and rural districts of Scotland
since 1855, the crude death-rates have been brought
together in Table X, and are illustrated in Diagram 3.
,The figures in the table are the unweighted averages
j
of the rates for grohps of three years, taken from the
.Annual Reports of the Registrar-General for Scotland.
|
(An exception is the second set of figures for 1911,
!where the average is over two years.) The three-year
Iperiods, with the exception of the first and last, are
.
























































































































































































































































































































































































































































































































































Diagram3-MortalityintheUrb nandRur lDivisi nsof Scotland:rudeDeath-R tesfrom1855 57t 1956-38;Death-Ratesstandardisedbythe IndirectMethodfrom1911-12t1936-38.
oo .
TABLE X.
Mortality in the Urban and Rural Divisions
of Scotland: Crude Death-Rates from 1855-57 to
1936-38; Death-Ratea standardised by the Indirect











1855-57 27.2 23.9 20. 3 16.0 14.4 20.3
1860-62 27.8 24.0 21. 4 16.9 20.6 21.4
1870-72 28.0 25.1 21. 4 17.2 16.1 22.2
1880-82 23.2 20.8 19. 1 15.7 15.6 19.7
1890-92 22.0 20.2 -i /-i19 . r\ 16 .7 16.6
-> /—\ r-»
i» . 7
1900-02 19.5 18.0 16. 6 15.8 16.8 17.9












































Rates referring to years earlier than 1871, for the
five divisions of the country created in that year, were
published in the Seventeenth Detailed Annual Report
(Abstracts of 1871).
Rates from 1911 (second set) onwards, both crude and
standardised, are "corrected for transfers" (see p. 57-).
Death-rates standardised by the indirect method are
placed within brackets beneath the corresponding crude
rates.
a. Two-year period.
b. The rates for the period 1930-32 are the averages
of the 1930 figures for Larger Burghs, Smaller
Burghs and County Districts, and of the 1931 and
1932 figures for Large Burghs, Small Burghs and
Landward Areas.
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The diagram clearly "brings out the fact that the
crude death-rate has always been higher in the town
than in the country, and that it increases as we pass
from the Small to the Large Towns, and from the Large
to the Principal Towns . During most of the period
under review the death-rate has been falling, and this
fall has been accompanied by a tendency for the dif¬
ference between the mortality in the various groups of
towns to decrease. The difference between town and
country mortality has decreased still more. Such
comparisons, however, are complicated by the fact that
in 1911 there is a break in continuity. It was then
(see p. 23) that the Registrar-General introduced his
new method of classifying town and country districts.
The former Principal Towns, with the addition of Ayr,
Clydebank, and Falkirk, became known as Larger Burghs.
The Smaller Burghs, we have decided, may be adopted,
for statistical purposes, as successors to the Large
Towns. As already mentioned, there i3, unfortunately,
a fundamental difference between the new County Dis¬
tricts and the old Mainland-Rural, the former includ¬
ing a proportion of small towns not having the legal
status of burghs. Crude rates for both systems of
classification are available in 1911, and there is
little difference between the rates for Principal
Towns and Larger Burghs, or between Large Towns and
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[Smaller Burghs. The largest discrepancy occurs in
the country, where there is a change of death-rate from
14.3 in Mainland-Rural to 13.7 in County Districts.
The comparison, however, is complicated by another
change which was made in 1911; after this date the
practice was adopted of transferring deaths, when
necessary, from the district in which they occurred
and were registered, to the district of usual resi¬
dence, and the second set of figures given for 1911
(and all the figures for subsequent periods) have been
adjusted in this way.
For the periods up to 1900-02 no standardised
death-rates appear to have been calculated, but death-
rates standardised by the indirect method are avail¬
able for the period 1911-12 and subsequently. These
also are included in Table X and Diagram 3. The
method by which these rates have been calculated only
allow comparisons to be made between different areas
at the same time.' They are not valid for making
comparisons of secular trends. They are, however, of
use in showing that the difference between town and
country mortality is, in reality, larger than the crude
figures would suggest. It has not been thought
necessary to calculate rates standardised directly by
means of a standard population, such as would be suit¬
able for an investigation of the secular trends in
58.
the death-rates, because the whole problem will be
|
examined from a different and, we believe, more satis¬
factory angle in section 2. This new method, however,
may be thought to be somewhat indirect, and it is use-
i
ful to have at hand the elementary information regard-j
ing crude death-rates provided by the table and the
diagram.
In the following two sections attempts will be
made to evaluate the healthiness of the environment by
two different methods: the first method makes use of
the generation mortality coefficient instead of the
i
standardised death-rate; in the second, the infantilej
death-rates of the various groups are compared. There
are reasons for believing that the generation mortal¬
ity coefficient is an index of the healthiness of
the environmental conditions as they affect the young,
whilst the infantile death-rate may be expected to
reflect the environment to which the child is subject¬
ed during its first year of life; these points will
be discussed more fully later.
59.
2. GENERATION MORTALITY COEFFICIENTS.
(a) Preliminary - The "Diagonal Law".
If the table of specific mortality rates for
Scotland given on page 31 is examined, It will be seen
that the first indication of a decline in the death-
rate appears in the triennial period 1880-82. The
specific rates for various ages are more or less con¬
stant before that date. If we express the rates for
1870-72 and succeeding periods as percentages of the
corresponding specific rates for 1860-62, we obtain
the set of "relative specific death-rates" given In
Table XI, reproduced from Kermack, McKendrick, and
McKInlay's first paper (1934a), already referred to
(see page 40). As this table was intended to bring
out only general tendencies, without emphasis on
details or small variations, it was based on the mean
of the figures for males and females. Also, for the
age-group 5-15, centred at 10, the simple mean of the
rates for the age-groups 5-10 and 10-15 was taken.
As is shown below, only the ratios are important, and

























100 110 110 126.5 125.5 103.5 9I\ 8
100 97 96 110.5 108.6 97.5 90.6 ^88.5
100 96.6 88.6 98 94 88 90 91
Superficial observation of the figures shows
that, apart from small fluctuations of a more or less
accidental character, they exhibit a certain regular¬
ity - along each diagonal the figure is approximately
constant. The contours sketched out in the table -
corresponding to relative death rates of 90, 80, 60 .
per cent., show a remarkable tendency to follow the
diagonals. The result holds for all groups from the
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ago of five years and upwards; the death-rate under
one year follows a different course, and will be dis¬
cussed more fully in section 3.
I
It is now to be noted)that a diagonal line in the
diagram represents the course of a group of people all.
born in a particular year. Thus, the figures along
a diagonal, approximately constant in value, represent
the relative rates experienced by a particular group,
or generation, of individuals all born in a particular
year, as they pass through successive stages in their
lives. The average value of the relative death-rates
taken along a particular diagonal for a particular
generation, at all periods of life over five years of
age, may be called the "generation relative mortality"
Generation relative mortalities thus calculated from
the rates in Table XI, for the generations born in
1850, 1860 ... 1890, are set down in Table XII.
TABLE XII.













It will be seen that the fall is well established
for the generation born in 1860, and. that the rate
has dropped to about 50 per cent. for that born in
1890.
This principle, conveniently referred to as the
"Diagonal Law", implies that the chance of an indi¬
vidual dying depends on two factors, the one involving
only his age, the other only the date of birth. We
may regard the age factor as expressing an inherent
constitutional characteristic of the race; it is the
same for all generations, whatever the date of birth.
The other factor depends on the date of birth, and
must clearly be fixed for each generation by the time
it has reached the age of 15, for the mortality ex¬
perienced between the ages of 5 and 15 is sufficient
to determine the value of the factor. Now this fac¬
tor has been constantly getting smaller during the
past eighty years, and, in as far as improvements in
death-rates reflect an increase in healthiness of the
community, the factor can reasonably be taken as
reflecting this increasing healthiness. But, as we
have remarked, the healthiness and improved environ¬
ment must have been reflected in this factor by the
time the generation was 15 years old. In other
words, the factor must be taken as a reflection of
the environment between the ages of 5 and 15.
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Prom the present point of view, the death-rates
of the older age-groups are little affected by their
present environment, but seem to have been determined
very largely by the environment which that particular
generation experienced in childhood. Thus, in as far
as they contribute to the death-rate, even to a stan¬
dardised death-rate, they reflect the environment, not
as it is now, but as it was several decades ago.
It is suggested, therefore, that for a proper
appraisement of the environment at any particular
period, it is best to take the generation relative
mortality for the generation which passed its child¬
hood in that period. Prom this point of view, the
figures shown in Table XII are measurements of the
healthiness of the environment of Scotland as a whole,
at dates about ten years after the dates of birth givein,
that is, when the generations in question were about
10 years old.
On the basis of these considerations it was
decided to attempt to compare the environment of town
and country, in respect of health conditions, by the
use of the generation relative mortality. A diffi¬
culty, however, is encountered in comparing two dif¬
ferent areas with each other, which is not met with
when comparing the same area at different times. In
order to state this difficulty precisely, it is
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convenient to enunciate the general principle of the
Diagonal Law in a somewhat different form. A little
consideration shows that the Diagonal Law is equiva¬
lent to the statement that the specific death-rate
ft,9, for age G at time t, can be expressed as the pro¬
duct of two factors, ^3» and where ^3» depends on
the age alone, and At-o depends only on t-G, the year
of birth. As stated in the chapter on definitions
(cf. p .40) , <Xt-o has been called the generation mortal¬
ity coefficient, and involves an arbitrary factor in
the sense that, if we replace (A by ktf and^3 by^/k, we
do not alter the value of ft, e . If we are limiting
ourselves to one county or area, then, if we replace
each ^3 by^3/k, the result is merely to multiply all
the A1 s by k, and the relative values of them's
remain unaffected, so that time trends are not dis¬
turbed. If, however, we are comparing two different
areas, then each area will have its own set of
values, and each set will involve an arbitrary factor
ki, k*, respectively. The two sets of a values de¬
pend, one on ki, the other on kx, and so cannot be
directly compared. "In order that the ca values should
be comparable, the^3 values ought, strictly speaking, j
to be idenitcal for the two areas. In practice, how-j
j
ever, they usually cannot be made exactly identical by
the help of the arbitrary factor, because they do not ;
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come out with exactly the same ratios to each other.
We therefore make them as nearly equal in magnitude as
possible, by introducing, for each set, a factor such
as will result in their products having some predeter¬
mined and constant value. The natural and most con¬
venient value to take is unity; in other words, given
any set of^/? values, we "normalize" this set by dividing
each^<?value by a factor k, so chosen that the product
of the resulting set of values is unity. It is eas¬
ily seen that k is the geometric mean of the original
set of/3 values . When the^3 values have been normal¬
ized in this way, the values which result, the
"normalized" ck values, are called the generation
mortality coefficients.
It Is these coefficients, obviously equivalent
to the generation relative mortalities, which we pro¬
pose to use for our comparison of the healthiness of
town and country environments.
With these introductory remarks, we shall now
proceed to examine the trends of mortality rates in
town and country respectively.
(b) Specific Death-Rates and Relative Specific
Death-Rates in Town and Country.
In the tabulation of specific mortality rates for
town and country separately, certain technical diffi-j
culties are encountered which are for the most part
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the result of the changes which have been introduced
v
at various times by the Registrar-General in the
classifications employed in his Annual Reports.
The main troubles arising in this way are due to
the alterations in the size and character of the dif¬
ferent urban and rural districts, already described in
detail in Chapter II. Briefly, It was decided to
count as "Town" population, from 1871 to 1900 the
Principal Towns with over 25,000 inhabitants; from
1901 to 1930 the Principal Towns (or Larger Burghs)
over 30,000; and from 1931 onwards the Large Burghs
over 20,000, plus Arbroath. For the "Country" popu¬
lation we have talcen during the period from 1871 to
1910 the Mainland-Rural Districts, from 1911 to 1930
the County Districts, and from 1931 onwards the Land¬
ward Areas. It will be seen that the intermediate
group of what may be called small towns has been com¬
pletely excluded from our present analysis. Previous
to 1871 the available Information could only be divided
into Town and Rural and the consequent impossibility 1
of separating the smaller towns makes the change from I
I
1870 to 1871 a substantial one of such importance that
it can scarcely be neglected.
Up to 1910 the age groups tabulated by the Regis-*
'
trar-General are 5-10, 10-15, 15-20, 20-30, 30-40, etc
From 1911 onwards they were 5-10, 10-15, 15-25, 25-55,
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35-45, etc. For our purposes the figures for the age
groups 5-15, 15-25, 25-35, etc., were obtained by a
process of averaging.
Up to 1910 the rates for males and females were
given separately; from 1911 onwards the figures for
both sexes combined are alone available. For the
earlier periods a process of simple averaging was em¬
ployed to obtain the "total" rates (i.e., for both
sexes combined) . <-
The largest anomaly caused by the changes occur¬
ring at various periods in the definitions of town anc.
country is avoided by excluding all years previous to
1871. The mortality rates for the various Census
years have been calculated by taking the mean of the
three successive years centred round the Census year
in question, in order to reduce transient irregulari¬
ties. An exception is the first Census period, 1871,
the figures for which are based on only two years,
1871 and 1872, in consequence of the 1870 rates having
to be omitted. Specific death-rates for town and
country separately are not available for the triennial,
period centred at 1941. The remaining variations in
classification are unfortunate, but it is unlikely
that the errors introduced are sufficiently large to
influence the final results appreciably.
The rates upon which the present analysis is
68.
based are presented In Tables XIII and XIV. These
are not strictly accurate, as they are obtained in
some instances by the process of averaging referred
to above, but the errors introduced in this way are
relatively small.
TABLE XIII.
Specific Death-Rates, Town, 1871 to 1951.
Age 1871 1881 1891 1901 1911 1921 1931
10 10.9 7.9 5.8 4 .4 3.7 2.6 2.4
20 10.27 8.1 6.6 5.4 3.9 3.6 3.1
30 13.65 10.4 9.8 8.5 6.0 5.3 4.0
40 18.2 15.0 14.9 13.3 9.8 8.1 6.5
50 26.55 23.3 24.5 23.1 17 .5 15.3 11.3
60 43.5 40.1 43.9 42.8 34.3 33.0 24.2
70 80.8 73.2 83.3 79.7 71.4 69.0 61.3
TABLE XIV.
Specific Death-Rates, Country, 1871 to 1931.
Age 1871 1881 1891 1901 1911 1921 1931
10 4.8 4.0 3.7 2.9 2.4 2.1 1.9
20 7.0 5.8 5.5 4.9 3.8 3.4 2.8
30 8.6 7.5 7 .7 6.9 5.4 4.4 3.7
40 9.1 8.7 9.3 8.9 7 .3 6.0 5.4
50 12.8 12.3 13.7 13.9 11.8 9.8 8.8
60 23.3 23.1 26.6 27 .4 24.2 22.3 19.0
70 53.5 52.8 60.1 59.1 52.3 46.7 47 .5
The next step in the analysis is to calculate
all rates as percentages of those existing in what
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have called the standard period. This standard
period is supposed to give the rates which obtained
before the fall which has characterized recent decades
had set in. The choice of the years 1871-72 as the
standard period is justified by the facts (1) that
for the whole of Scotland the specific mortality
rates showed little or no change up to and including
1871, and (2) that for both town and country the yearj
1870 showed no fall as compared with the three-yearly
period 1860-2, but if anything a slight rise. The
rates as percentages of the standard are shown in
Tables XV and XVI.
TABLE ,XV.
Relative Specific Death-Rates, Town
1871 to 1931.











Relative Specific Death-Rates, Country,
1871 to 1931.
Inspection shows that for the country (Table
XVI) the figures along the dextro-diagonals are appro¬
ximately constant. The lines in the figure indicate
the positions of the 90,80, 70%, etc., contours, and
these as will be seen are approximately straight, and
at an angle of 45° to the vertical. In the case of
the towns (Table XV), similar results are obtained.
The uniformity, however, is not quite so great, the
chief disturbance being caused by a fall between 1871
and 1881 which is not confined to the lov/er age-groups!
This deviation from regularity in the case of the
towns suggests that some of the 1871 rates may be unduly
high. In order to control this point calculations
were carried out from the data, omitting the 1871
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values. No standard, rate being now available, an
alternative procedure was followed. This was first
described by Kermack, McKendrick, and McKinlay (1934b),
and will now be briefly explained.
A set of^3 values, as we have remarked before,
includes an arbitrary factor. The ratios between
the different values, however, are fixed,
consideration will show that estimates of tnese ratios
may be obtained by calculating the ratios between the
different specific death-rates along a diagonal. This
is a consequence of the Diagonal Law; if we assume
that f \.,e =/3ecKv-e , then —-?■?-'9 » g =
Jll—. For example gives an estimate of Z3'-.
f3e-/o llin,lo /3io
Another estimate of ZZ*z. is got from ihhhli.. Thus by
/6 to f oi, to K
keeping to the same two rows in a table, taking dif¬
ferent values of t and the same values of 0, we get a
number of estimates of and the average of these
/»/ t o
is taken as the best value of the ratio. Similarly,
estimates of etc., may be obtained, and, by
giving the arbitrary value of unity, a complete
set of/3's is readily calculated.
The results of applying this method to the town
specific death-rates in Table XIII (omitting the some-f
what anomalous 1871 values) are found to be in substan-
j
tial agreement with those obtained by the first or
"standard rate" method. For sake of completeness the
■ h
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Diagram 4. Normalized/? Values for^:
Town and Country, calculated by
First or Standard'Rate Method.
Diagram 5. Normalized/? Values for





country figures, have also been worked out by the secor
method; here the 1871 figures are not excluded.
(c) Generation Mortality Coefficients.
For purposes of comparison, as we have pointed
out, it is necessary to normalize each set of^3 values
that is, to divide each set by a factor (its geometri
mean), so that the product of the /3's so normalized is
unity. The « values corresponding to these normal¬
ized ^ values are then calculated. The normalized
/3 values for town and country, calculated both by the'
t i
first or standard rate method and by the second method,
are given in Table XVII, and the corresponding genera¬
tion mortality coefficients (normalized ^ values) in
Table XVIII. Curves illustrating these figures are
shown in Diagrams 4, 5, 6, and 7.
TABLE XVII.
Normalized/3 Values for Town and Country,
calculated both by First or Standard' Rate Method
and by Second Method.
T O w n C o u n try
First Second First Second
Age Method Method Method Method 1
10 .492 .509 .391 .417
20 .464 .489 .571 .554
30 .617 .596 .701 .646
40 .822 .779 .742 .733
50 1.200 1.161 1.043 1.045
60 1.965 1.990 1.899 2.008
70 3.651 3.762 4.3,60 4.369 |
Diagram 6. Generation Mortality Coefficients
(normalized, ck Values) for Town and Country:
First or Standard Rate Method. Note: In
interpreting Diagrams 6, 7, and 8, it is to
be remembered that the date given is the
date of birth of the generationy and not
that of the period, about 10 years later,
of which the generation mortality coeffi¬
cient reflects the social environment.
Diagram 7. Generation Mortality Coefficients
(normalized A Values) for Town and Country:




Generation Mortality Coefficients (normal¬
ized <X Values) for Town and Country, calculated














































































So far the data for town and country have been
considered independently. The next step is to comoare
the town generation mortality coefficients with those!
of the country, in order, if possible, to obtain in¬
formation as to the relative healthiness of urban and
rural environments. We have already suggested that
the^3 curves may be regarded as reflecting the physio¬
logical constitution of the population as a function
of age, whilst the A curve is a measure of the in¬
fluence of the environment. This statement requires!
a slight qualification, for it seems clear that if the
'
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environment is such as to affect peculiarly some one
particular age-group, this fact will be reflected in
the shape of the curve. We have in fact to regard
the^3 curve as reflecting the relative viabilities of
the population at different ages in the economic and
social conditions existing during the whole period
under examination. The existence of the Diagonal Lav-
shows that the shape of the^3 curve from 10 years of
age upwards is approximately the same for all genera¬
tions, from which it is inferred that the major effect
of the environment is exerted during childhood,
largely before the tenth year of age. Thus the
generation mortality coefficient (A value) is a measure
of the general level of the environment during child¬
hood, the period during which the general constitution
of the individual is being built up. If the indi¬
viduals in the towns were entirely unrelated to, and
innately different in vigour from,the individuals in
the country, no comparison between the mortality rates
would shed light on the state of the environment, but!
it seems reasonable to assume that the mean Innate
vigour of the individuals in the towns is the same as
that of the country population. The plausibility of
this is increased by the consideration that the town
population has within recent generations been largely
derived from the surrounding country, so that the
75.




The use of the normalized^/3 values (where the
product, and therefore the geometric mean, of them's
is always unity) automatically ensures the equality of
the geometric means, and so the corresponding genera¬
tion mortality coefficients are directly comparable.
In other words, when the normalized^1 s are used, the
corresponding generation mortality coefficients may b$
compared without further adjustment. The object of
this argument has been to show that environmental
conditions in town and country may be compared by the
{ use of the A values; these A values may be derived
'
| either by the first or standard rate method (Diagram
| 6), or by the second method (Diagram 7). The cor¬
responding curves in Diagrams 6 and 7 are, in fact,
very similar, so that any conclusions to be drawn are
practically independent of the method of analysis
'
! employed.
A comparison of the environmental conditions in
j
town and country may be conveniently represented by
the ratios of the corresponding generation mortality
I
i
| coefficients. These ratios are given in Table XIX
| and shown in curves 5 and 6 in Diagram 8. The sub- ;
| stantial agreement of these two latter curves again
shows that the result is practically independent of
! / "k
I . ' .
I
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' ■ Diagram 8. Percentage Ratios of Country
Generation Mortality Coefficients to
Town Generation Mortality Coefficients:
Curve 5 (full line) calculated by First
\i \ or Standard Rate Method, Curve 6 (dotted
line) calculated by Second Method.
See Note to Diagram 6. '*
,s 4 J J »•' : ( vj ' • ' ... I > f ' ' " « •' V , «. '





the precise method of analysis employed. i
TABLE XIX.
Percentage Ratios of Country Generation
Mortality Coefficients to Town Generation Mortal¬
ity Coefficients, calculated "both by First or
Standard Rate Method and by Second Method.
















The above analysis of the mortality statistics
for the urban and rural districts of Scotland shows
that in both these divisions the same regularities
are observed as for the whole population. The level
(
of the mortality rates, especially in the past, has
been different in the two areas, but the changes which
have occurred have been similar and approximately in
accordance with the Diagonal Law. It was perhaps
scarcely to be expected that the degree of accordance
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would be as good as for Scotland as a whole, because
during the period under consideration, large movements
of population have undoubtedly taken place . There
has been much migration from rural to urban areas, and,
in addition considerable immigration from Ireland to
certain parts of Scotland - chiefly, it would seem, to
urban areas. Emigration has also been considerable,
but this has affected the whole nation, and has not
acted differently on the two divisions of the community
which we are comparing. With the statistics at
present available it would be difficult to make ade¬
quate allowance for such migratory movements of the
population. Furthermore, it should perhaps be point¬
ed out that the separation of the two populations
representing town and country respectively is to some
extent an arbitrary one, dependent on peculiarities
of local administration. The fact that the inter¬
mediate groups of small towns have been omitted helps,
however, to ensure that the two populations analysed
are in sufficient contrast and represent broadly town
and country conditions .
A
It is natural to enquire to what extent inferences
can be drawn from the above analysis in regard to the
relative "healthiness" of town and country. It
should be pointed out that the idea of the "healthi¬
ness" of a particular environment is a somewhat vague
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one, as the manner in which an environment affects
health may depend on the age or the innate constitu¬
tion of the population subjected to it. However, it
will be generally conceded that an environment which
results in a high death-rate is an unhealthy one . We
may then take the level of the death-rates in a com¬
munity as an indication of the healthiness, or rather
the unhealthiness of the environment, provided that
there is no reason to believe that there is any sub¬
stantial variation in the genetic constitution of the
populations in question, and provided also that suit¬
able allowance is made for differences of age and, if
necessary, of sex. The analysis we have undertaken,
based as it is on specific mortality rates and not,
for example, on total death-rates, is independent of
any age differences there may be in the two populations
under investigation. The data do not allow of the
two sexes being considered separately, but it seems
I
scarcely likely that the effect of environment on the
two sexes would be sufficiently different to make it
necessary to analyse separately in respect of this
factor.
It is not easy when confronted with the two com¬
plete sets of specific' mortality rates for various
age-groups and for various calendar periods - one for
the town and the other for the country - to see how
79.
best to obtain some measure of their relative levels.
The ratios of the corresponding rates for town and
country may differ widely according to the age and
calendar period. It is here that our analysis of
the rates into the component A and^/3 values proves
especially useful. We have already given reasons for
believing that the set of^3 values is, broadly speak¬
ing, a reflection of the physiological changes pro¬
duced by age, whilst the generation mortality co¬
efficient is a measure of the social conditions which
existed during the childhood of the generation. Thus
if we want to compare the relative conditions in town
and country in, say 1890, we simply compare the genera¬
tion mortality coefficients belonging to the two
groups - town and country respectively - who were in
their childhood at that time, that is, those who were
born some 10 years previously, say in 1880. Naturally
one cannot be absolutely precise with regard to the
extent of the interval. Although of course one is
not justified in correlating in a quantitative sense
the numerical value of Ck with the essentially vague
idea of healthiness, it nevertheless seems justifiably
for purposes of comparison to adopt this value as an
indication of the environmental conditions. Conse¬
quently the ratios of the corresponding generation
mortality coefficients presented in Diagram 8 give
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some indication of the relative conditions in town
and country at the different calendar periods. In
interpreting this diagram, and also Diagrams 6 and 7,
it is necessary to remember that the dates given are
dates of birth, and that the social environment re¬
flected by the mortality rates is that of some 10
years later. On this basis it will be seen from
Table XIX and Diagram 8 that up to about 1851 the
relative healthiness of town was about 60% of that of
the country. About that time the ratio began to in¬
crease, but only very slowly, reaching 70% 30 years
later (about 1881). After a delay between 1891 ana
1911 the Increase has continued at a somewhat accelera
ted ipace, with the result that about 1931 the ratio
was in the neighbourhood of 100%< In other words,
our analysis appears to indicate that the real healthl
ness of the town environment has by now become approxl
mately equal to that of the countryside. This gives
a verdict rather more favourable to the town at the
present day than the mere inspection of the crude and
standardised death-rates might have suggested (cf.
Table X) . However, as the conception of healthiness
in town and country is a somewhat vague one , the
generation mortality coefficient must be taken as a
general indication rather than as an exact quantita¬
tive measure. We therefore conclude that the
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relative healthiness of the town is now at roughly
the same level as that of the country. The balance
of advantage may still be with the latter, but if so,
it cannot be very great.
It is of interest to compare the ratios of the
generation mortality coefficients in town and country
with those of the standardised death-rates. In 1911
the ratio of the standardised death-rates for country
and town areas was 0.74, in 1921 it was 0.72, whilst
in 1931 it was only 0.80 (cf. Table X). In other
words, the mortality in the country in 1931 was on an
average 20/£ lower than in the town. It is to be
remembered, however, that much of this mortality is
contributed by the relatively aged who do not seem to
reflect in their health their immediate environment
but rather that of their youth. In the case of both
the 5-15 and the 15-25 groups the ratios have risen to
over 90$ since 1931.
A comparison of the town rates in 1935 with the




Specific Death-Rates for Large Burghs,
















65-75 58.9 48.6 ,
As will "be seen, the corresponding rates are al¬
most equal up to age 35, from which it may he con¬
cluded that for these younger age-groups the town con
dltions lagged at most only a few years behind those
of the country. However, although these special
comparisons are of interest as confirming our general
conclusion, we attach greater importance to the trend
of the figures as a whole which is revealed by the
generation mortality coefficient curves shown in
Diagrams 6, 7, and 8.
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5. INFANTILE DEATH-RATES.
The generation mortality coefficient, we have
suggested, may he regarded as a measure of the in¬
fluence of environment on the health of young people
between the ages of 5 and 15. The infantile death-
rate (annual number of deaths under one year of age
per 1000 total births), it might be supposed, reflects
the environment as it affects children during the first
year of life. How far this supposition is justified
we shall discuss more fully later. With the object
of studying this aspect of urban and rural environmen
and comparing the trends, the next three tables have
been drawn up, giving the infantile death-rates in
the various town and country districts of Scotland,
together with figures for certain cities and groups
of counties.
The rates for quinquennial periods presented in
Table XXI are for the divisions of the country accord¬
ing to the usual classification, and are the simple
averages of the rates for single years. In the
Fifty-Sixth Report of the Registrar-General (for 1910)
these are given for each year up to and including
1910. The rates from 1911 to 1943 were extracted
























Diagram 9. Infantile Death-Rates in the
Urban and Rural Divisions of Scotland,
1871-75 to 1941-43.
'.(HUti
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■ County districts or lanpwarp arras-'—
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TABLE XXI.
Infantile Death-Rates in the Urban and Rural











1871-75 158.0 140.1 122.1 91.5 82.9 127 .2
1876-80 142.1 128.4 114.3 89.7 79.5 118.3
1881-85 140.6 123.0 109.3 86.3 77 .2 117 .6
1886-90 140.0 131.1 114. 5 91.3 67 .2 120.6
1891-95 144.5 132.2 121. 1 94.6
'
76.8 126.3
1896-00 149.1 134.9 121. 7 95.9 74.4 129.4
1901-05 136.1 122.3 112. 4 89.9 74.1 119.9







1911-15 128.4 107 .7 92.8 112.9
1916^20 111.0 93 . 6 85.4 99.6
1921-25 102.7 86 .3 76.6 91.8







1931-35 89.4 68.6 69.6 80.7
1936-40 84.2 64.4 64.8 75.8
1941-43 81.6 61.3 61.3 72.4
Note: The last period contains only three years.
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To demonstrate how infantile death-rates vary
between individual cities, the rates for Glasgow,
Edinburgh, Dundee, and Aberdeen are given in Table
XXII. Again the averages of the rates over five
years have been taken. Those for single years from
1855 to 1905 were found in the Fifty-First Annual
Report (for 1905), and for 1906 to 1943 were got from
the individual Reports for each year.
TABLE XXII.
Infantile Death-Rates in the Four Chief Cities of
Scotland. 1855-60 to 1941-45.
Glasgow Edinburgh Dundee Aberdeen
1855-60 179 149 173 127
1861-65 164 145 175 130
1866-70 165 143 171 133
1871-75 168 141 173 135
1876-80 147 133 158 129
1881-85 151 127 151 126
1886-90 143 136 167 140
1891-95 145 140 179 147
1896-00 152 144 176 144
1901-05 140 131 154 143
1906-10 130 119 157 129
1911-15 133 113 165 142
1916-20 115 105 129 127
1921-25 107 91 113 115
1926-30 105 79 112 94
1931-35 102 68 81 86
1936-40 95 65 77 72
1941-43 94 59 75 71
The rates for Scotland as a whole are: 1855-60,
119.7; 1861-65, 119.8; and 1866-70, 122.2.
Rates for later periods are given in Table XXI.







Finally, to bring out differences which, might
exist between the infant mortalities in different
regions of rural Scotland, the figures in Table XXIII
were calculated. This table contains two groups of
counties, one of which (including Sutherland, Ross anc.
Cromarty, Inverness, and Nairn) may be taken as typical
f
of the Highlands, and the other (Peebles, Selkirk,
Roxburgh,and Berwick) as typical of the Borders.
Such a comparison is interesting because, superficial¬
ly at any rate, the two groups have much in common,
and neither contains any large towns. To avoid large
sampling errors due, to the small number' of infant
deaths occurring in these limited groups during a single
year, the sum of the figures for five successive
years was used to compute each rate. The births and
infant deaths in each county for each year were
abstracted from the various Annual Reports, and added
up for the two groups separately before taking the
ratio of deaths to births. The fertility rates for
these two groups, which are discussed at some length
in Chapter V, show very sharp contrasts in their
trends during the past seventy years. These fertil¬
ity rates involve Census data, and so are centred at
Census years. In order that the mortality should be:
|
i
comparable with the fertility series, the former also!
i
|
was centred at Census years.
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TABLE XXIII.
Infantile Death-Rates in the Highlands and









































The data in the three tables may be seen at a
glance in Diagrams 9 and 10, which we may now consider.
From the first diagram it will be remarked at once that
throughout the period for which we have statistics the
infantile mortality curves for the different types of
town and country districts are widely separated. Infan¬
tile death-rates decrease rapidly as we proceed from
larger to smaller towns, and even more rapidly as we
pass to the country, the Insular-Rural Group being low¬
est of all. The only exception is that during the last
decade or so the rates for Landward Areas and Small
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Burghs have become practically identical, in conse¬
quence of the fall for the latter having been more
rapid than that of the former.
In every group the rates decreased for 10 or 15
years after 1875 but rose again in each case, and it
is only after 1900 that a significant fall appears to
have set in. Improvement in infant mortality,
evidently, lagged about 25 years behind general mortal¬
ity, which began to fall, as we have seen, about 1875.
As in the case of the crude death-rate, there
can be little doubt that infantile death-rates were
much higher in this country during the eighteenth
century and probably also in the first half of the
nineteenth. In Sweden, for which a long record of
figures is available, infant mortality stood at approxi¬
mately 200 from 1750 to about 1810. Thereafter it
declined more or less steadily to about 50 in 1931-35.
Reverting to Scotland, the fall in infant mor¬
tality since the beginning of the present century has
been most pronounced in the urban groups. The evi¬
dence concerning the country experience is somewhat
confused by the unfortunate break in continuity in
1911. It may be pointed out that the rate for
Mainland-Rural in 1881-85 (86.3) is practically the
same as for 1906-10 (87.0), and that the value for
the country in the next quinquennial period (1911-15)
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is 92.8. The last figure, however, is for County
Districts, which include numerous small towns not
having the status of burgh. This fact probably
accounts for at least part of the rise from 1906-10
to 1911-15. But there was also a rise during the
same interval from 126.5 for Principal Towns to 128.4
for the very similar group of Larger Burghs, which
suggests that there may really have been a slight rise
for the country as well. On the whole, the definite
improvement set in in the country fully a decade later
than in the towns.
A striking example of the difference between
urban and rural infant mortality is that the rate for
Large Burghs in 1941-43 (81.6) is higher than that of
the Insular-Rural Group in 1876-80 (79.5).
A direct comparison between the effects of town
^ '
and country environment on infant health during the
*
past seventy years has been made by calculating, for
each quinquennial period, the ratio of the infantile
death-rate in the country to that in the town. The
same groups are employed as in section 2, and the
intermediate groups of smaller towns and burghs are
omitted for this comparison also. The results are
given in Table XXIV.
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TABLE XXIV.
Percentage Ratios of Country to Town
















The figures show that town environment in 1941-43
was considerably more harmful to infant life than that,
of the country. This result at first sight seems to
be inconsistent with our finding, based on generation
mortality coefficients, that, at the present time, town
and country environment are almost equally salubrious
for children between the ages of 5 and 15. It may be,
however, that whereas the health of the youth depends
on his immediate environment, the health of the in¬
fant is dependent to a very large degree upon the
general welfare and vitality of the mother. If we
■
turn for a moment to Scotland as a whole, reference
to the table on page 61 shows that in 1870 there was
a substantial improvement in the generation relative
91.
mortality. The generation of girls born about that
time would become mothers between 1890 and 1900, and
it was Just about this time that the fall in the infan¬
tile death-rate set in. This is easily understood if
the health of the very young child does, in fact,
primarily depend upon the health of the mother, rather
than upon the immediate social environment.
Now, from the table of generation mortality co¬
efficients (p.73) it will be seen that improvement in
general mortality is first apparent in the town, which,
in this respect, appears to be a decade or thereabouts
in advance of the country. Thus, if our theory is
correct, the lag in the improvement in the health of
country mothers behind that of town mothers, should
result in a corresponding lag in the improvement of
country infantile death-rates behind that of the town,
and this, as we have indicated, is borne out to some
extent by the trends of the curves in Diagram 9.
Further, tas it is only now that the influence of town
environment on the health of the youth has become
equal to that of the country, we cannot anticipate
equality between urban and rural infantile death-rates
for another decade or two, when the girls now about
10 years old are becoming mothers.
The whole picture is thus consistent with the
hypothesis that the environment in early youth is the
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important factor in determining the consitution of the
individual, and that the health and vitality of the
mother, thus developed, is of primary importance to
the welfare of the infant.
The infantile death-rates for each of the four
chief cities and the two groups of Highland and Border
counties are outlined in Diagram 10. Both Glasgow
and Dundee are. very high (over 170) in the early years
Broadly speaking, the trend of the Glasgow rate is
downward throughout the period, but the Dundee rate
remains high until after 1910. It then declines
suddenly and steeply, falling from 165 in the period
1911-15 to 75 in 1941-43. Edinburgh, on the whole,
has the best record, being uniformly below the other
three cities since 1900, and prior to that second
only to Aberdeen. At present the infantile death-rat
for Edinburgh is only slightly above that of the High¬
land counties. Up to 1881-85 the infantile death-
rate of Aberdeen was the lowest of these four cities,
but although fluctuating somewhat, it did not begin
to fall definitely until after 1910. Since then it
\
has fallen steadily, and whilst in one period (1921-25)
it was actually the highest of the four, it is now
below Glasgow and Dundee but still above Edinburgh.
On account of the general similarity of the
Highland and Border counties, a comparison of the
93.
I
trends of their infantile death-rates is interesting.
Up to 1931 the Highland rates are consistently lower
than those of the Borders, although the difference frdm
1901 onwards is not statistically significant. In
1941-43 the Border rate is actually somewhat lower
than the Highland, but again the difference is not
significant. As we shall see in Chapter V, the
fertility experiences of these two regions are in shar$
contrast, and it may be that the very great drop in
fertility in the Borders as compared with the High¬
lands , is a factor determining the more rapid fall in




CANCER MORTALITY IN SCOTTISH
URBAN AND RURAL AREAS.
1. PRELIMINARY.
It is a well-known fact that in rural areas the
mortality rate from cancer, as from many other causes
of death, is appreciably below that in the urban
areas. Thus, in the Supplement to the Seventy-Eighth
Annual Report of the Registrar-General for Scotland,
Part II, published in 1936, it is shown that for the
period 1921-30 the cancer mortality rates, adjusted
for age and sex, for the Landward Areas, the Small
Burghs, and the Large Burghs, were respectively 1200,
1330, and 1480 per million. The Large Burghs .show
an excess of about 23% over the Landward Areas. It
has been suggested that the urban excess may in large
measure be due to more accurate certification of
deaths, and it is a matter of interest to obtain some
idea as to how far this factor accounts for the ob¬
served excess and how far there may be a real excess
of deaths due to cancer in the more urban and indus¬
trialized areas.
In 1893 King & Newsholme suggested that differ¬
ences in cancer mortality depending on inaccuracies of
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certification might be brought to light by analysing
the available data in respect of the various sites of
the malignant growth. Certain sites, such as the
breast or the buccal cavity, are relatively accessible
and diagnostic error is likely to be small. Other
sites, such as the digestive tract, are more difficult
to diagnose, and so it might be expected that for
these sites the number of cancers reported as causes
of death would vary with the accuracy of certification.
King & Newsholme .applied the method in order to try to
ascertain whether the apparent increase in cancer as a
recorded cause of death might not be due to better
diagnosis, but, if the method is valid, it can obvious¬
ly be applied to differences such as we are concerned
with here, namely, those between urban nnd rural areas
If these differences are due to more accurate certifi¬
cation in urban areas, then it would be expected that
they would be most pronounced in inaccessible, and
least in accessible sites.
This-method has already been applied by Russell
(1931) to the cancer deaths in Scotland over the years
from 1923 to 1928 inclusive. In this work, however,
the analysis was carried out by whole counties, in¬
cluding Larger Burghs, Smaller Burghs, and County
Districts . No attempt was made to separate the more
rural and more urban districts of each county,
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presumably because the reports of the Registrar-GeneraJL
for Scotland for this period do not contain the neces¬
sary data. The conclusions reached by Russell may be
quoted from his summary:
"The counties possessing the best equipped hospi¬
tals have a greater amount of inaccessible cancer than
might be expected to occur.... As regards the two
accessible sites - breast and buccal cavity - there is
no defined localization in the mortality, as the numbep
\
of deaths in each county, with possibly two exceptions
Renfrew for breast cancer, Midlothian for buccal cavity,
approximately follow a normal distribution."
These conclusions are in marked contrast to those
reached by the Registrar-General for England and Wales
in his Decennial Supplement, 1921. In this compre- '
hensive investigation of the medical statistics for
the period 1911-20 a section deals with the cancer
deaths in relation to both site of tumour and geo¬
graphical distribution. Among the conclusions are
the following (Part III, p. cxix): "....it can scarce¬
ly be doubted that the city excess for cancers so
little likely to be overlooked at the time of death as
those of the buccal cavity (43$ tongue and 26$ jaw in
1911-20, lip 'mouth' and tonsil furnishing the rest) i
a. real one, and not merely a consequence of fuller
recognition". He also states that "for females it
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Cthe urban excess} is relatively high for cancer of
the sex organs including the breast, though in their
case the risk of oversight must be comparatively small"
Prom 1931 onwards the reports of the Registrar-
General for Scotland contain a statement of the re¬
corded deaths from cancer by location for the various
Public Health Districts, i.e., e.ach Large Burgh as
defined in the Local Government (Scotland) Act, 1929,
and each county exclusive of Large Burghs. This
makes it possible to compare by sites the cancer mor¬
tality rates in the Large Burghs, representing the
more urban areas, with those of the rest of Scotland.
In view of the apparent inconsistencies of the conclu¬
sions derived from previous Scottish and English ex¬
perience, it was considered desirable to analyse the
more recent data. Furthermore, the new data, which
cover the period from 1931 to 1937 inclusive, allow of
comparison with the results published in the Supple¬
ment to the Seventy-Eighth Annual Report of the Regis¬
trar-General for Scotland (Part II, Tables M and N).
This volume deals with the decennial period 1921-30,
and, in addition to the tabular matter, it contains a
useful commentary by Dr P. L. McKinlay.
i
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2. DATA AND METHODS OF ANALYSIS.
The data employed in the present investigation
have been extracted from the seven Annual Reports of
the Registrar-General for Scotland from 1931 to 1937
inclusive. These reports give the number of certifi¬
cated cancer deaths registered in each year, arranged
according to location, sex, and age in Table 28, and
according to location and Public Health District in
the General Registration Summary. The locations are
those employed in the Revised International Long List.
Each location includes a number of particular sites,
the classification being as follows:
(1) Buccal cavity, etc. Lip, Mouth, Tongue, Jaw,
Salivary Glands and Parotid, Tonsils, Pharynx.
(2) Digestive organs, etc. Oesophagus and Gullet,
Stomach and Pylorus, Intestine, Rectum, Anus, Liver
and Gall Bladder, Pancreas, Peritoneum with Omentum
and Mesentery.
(3) Respiratory organs. Larynx, Lung, Pleura,
Mediastinum.
(4) Uterus. - Cervix, Uterus.
(5) Other female genital organs♦ Ovary and
Fallopian Tube, Vagina and Vulva.
(6) Breast.
(7) Male genito-urinary organs. Kidney, Bladder
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and Urethra, Prostate, Testis, Penis, Scrotum.
(8) Skin. Ear, Nose, Scalp and Face, Skin.
(9) Other or unspecified organs. Pelvis and
Sacrum, Rih and Sternum, Skull and Spinal Column, Arm
and Leg, Thyroid, Throat, Heart, Thorax, Kidney
(Females), Suprarenals, Bladder (Females)-, Spleen,
Abdomen, Brain, Eye and Orbit, Spinal Cord, Lymphatic
Glands, and Others unspecified.
To avoid ambiguity we shall use the term "site"
in the rest of this study to refer to a particular
site, such as lip or tongue, and the term "location"
to refer to one or other of these nine groups of sites.
It was necessary to decide upon a series of geo¬
graphical regions suitable for the purpose in view.
The separate counties were obviously too small, for
the few deaths recorded in certain of these for parti¬
cular locations involve a large sampling error. The
choice of areas is limited to some extent by the form
in which the data are presented in the Registrar-
General's Reports. In every county we are given the
data for each Large Burgh and for the rest of the
county (excluding Large Burghs), and it is not possible
to separate the Small Burghs from the Landward Areas.




(1) The four chief cities (Glasgow, Edinburgh,
Dundee, and Aberdeen).
(2) The other twenty Large Burghs.






(8) Northern Counties (excluding Large Burghs).
(9) West-Central Counties (excluding Large Burghs).
(10) East-Central Counties (excluding Large Burghs)
(11) Southern Counties (excluding the Large Burgh
of Dumfries).
The counties in each of the four divisions are those
used by the Registrar-General in the Census Report for
1931. Thus the West-Central Division includes Ayr,
Dumbarton, Lanark, and Renfrew; the East-Central,
Clackmannan, East Lothian, Fife, Midlothian, Stirling,
and West Lothian; whilst the Northern Division in¬
cludes all counties to the north and west; and the
Southern Division all those to the south and east.
The general plan of the work was to calculate a
series of standardised cancer mortality rates, each
referring to a particular location and to a particular
area. In order that significant differences might be
readily recognised, estimates of standard errors have
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also been recorded.
The crude death-rate, as we have already pointed
out, is a very unsatisfactory index by which to measure
the mortality of a disease at any particular place and
time. For the present purpose of comparing the inci¬
dences of the disease in the various regions, it is
most convenient to make allowance for the varying age
and sex distribution of the population by applying the
indirect method of standardisation referred to on
page 54. The direct method is inapplicable in view
of the fact that the returns in the General Registra¬
tion Summary, classified in respect of both location
and region, are not subdivided in respect of age and
sex. Consequently it is not possible, in respect of a
particular region and disease location, to calculate
the specific death-rates for various age-groups.
Standardisation must therefore be effected by the
indirect method. For the whole of Scotland the speci¬
fic death-rates for each of the nine locations can be
calculated, from Table 28, for each sex at various
ages. With a knowledge of the age and sex distribu¬
tion of the population in each region, a factor can
then be obtained for this region in respect of each
location, and the standardised rate is found by multi¬
plying the crude regional rate for the location by the
appropriate factor. The actual arithmetical process
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involved in this indirect method of standardisation
is illustrated in the table below, where we reproduce
the figures used to work out the factor for standard¬
ising the death-rate for cancer of the digestive
organs, in Edinburgh, 1931-37.
TABLEXXV.
Calculation"byIndirecMethodofFac oforstandardisingthe heath-RateforCancerofDigestiveOrga s,Edinburgh,1931-37•
Age- Groups
Edinburgh MalePopu¬ lation, 1931 Census
MaleSpecificj heath-Ratesj permillion,I Cancerofhi-! gestive Organs,Scot¬ land,1931-37;
Calculated Male heaths (1)x(2
Edinburgh Female Population, 1931 Census
FemaleSp cific heath-Ratesper million,Cancer ofDigestive Organs,Scot¬ land,1931-37
Calculated Female heaths (4)x5
-25 25- 35- 45- 55- 65- 75- 85+
(1) 85984 31580 25337 23939 19641 9861 2761 245
"W
10 73
300 1032 2984 6614 9057 8387
~T3T 0.9 2.3 7.6 24-7 58.6 65.2 25.0 2.1




255 818 2221 5227 8317 8070








The standard specific death-rates used are, of
course, those for cancer of the digestive organs for
the whole of Scotland - for the period 1931-37. By
the successive application of these to the appropriate
male and female sections of the population of Edin-
A
burgh, enumerated at the 1931 Census, the total number
of calculated deaths for both sexes, 402.6, is obtain-'
ed, being the sum of columns (3) and (6). The ratio
of this to the total Edinburgh population, 439,010,
>
is the "calculated death-rate", namely 917.1 per
million. This number when divided into the death- -
rate for Scotland as a whole, 863.2, similarly calcu¬
lated by applying the same set of specific rates to
the Scottish 1931 population, gives the correction
factor, 0.9412. The crude rate for this particular
disease in Edinburgh, 963, is then multiplied by this
factor, finally giving the standardised rate, 906 per
million.
For the purpose of comparing the figures of the
Scottish report for 1921-30 with those of the period
1931-37, the former rates have been standardised on
the basis of the 1934 population, by this indirect
method, and the results are presented in Table XXX.
In the comparison of cancer mortality during the
period 1931-37 with that of 1921-30 the equivalent
average death-rate (25-65) proves a useful instrument.
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This, as stated on page 35, is obtained by taking the
simple average of the specific death-rates between the
ages of 25 and 65.
In order to calculate the specific death-rates
for the whole of Scotland, the population for various
age-groups is required for each sex for the central
year 1934. The estimated figures were kindly sup¬
plied to us by the Registrar-General for Scotland.
For the purpose of calculating the regional correction
factors the age distributions for each region are
needed. These distributions for 1931 are available
in the Census Report for that year. It was consider
ed that the error resulting from the use of these
regional 1931 age distributions, instead of the 1934
figures, would probably be negligible, especially as
only the relative, and not the absolute, values are
important. Regional populations for 1934 could, in
any case, only be obtained from estimates of doubtful
value, and so we had little hesitation in employing,
instead, the 1931 Census figures. The crude regional
!
rates are, of course, obtained by dividing the averagp
number of deaths per year (1931-37) by the estimated
total populations of the regions for 1934.
In locations affecting one sex only, such as the
uterus, the obvious course would be to state all rates
in terms of this sex alone, and not of the total
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population. The published data, however, make it im¬
possible to obtain the crude local rates except in
terms of the whole population; as the local male or
female populations in 1934 are not available. It cah
be shown, however, that the relative rates in terms o:f
Scotland as a whole are the same, whether based on
total populations or female populations alone. The
same considerations apply to the breast, where the
incidence in male cases is very small as compared to
that in females (about 1 to 100). As a result of
stating all rates in terms of persons, the four loca¬
tions breast, uterus, male genito-urinary organs,
and other female genital organs, will be found in the
tables below to have rates approximately one-hel f thoS
usually stated.
The standard errors given in the table are calcu¬
lated from the approximate formula S.E. = R^//n, where
R is the rate in question, and N is the number of
deaths from which this rate has been calculated. This
formula, in the first instance, applies to the un-
standardised rates, but it is also approximately true
for the standardised rates, as the sampling error in
the correction factor is a relatively small one.
The results obtained are presented in Tables XXVI
to XXIX and Diagrams 11 to 14. Table XXVI shows the
specific death-rates for the period 1931-37 for cancer
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of each location, and for all locations combined,
each sex being given separately. The rates for all
locations combined for males and for females, and for
females excluding breast and uterus, are represented
graphically in Diagram 11. The principal results of
the investigation are given in Table XXVII, in which
will be found the standardised death-rate for each
location in each of the eleven geographical regions
mentioned above, as well as in Scotland as a whole.
This table also contains the various regional stan¬
dardising factors; these may be validly applied in
analogous work over a period of years. The most im¬
portant feature of this table, namely, the contrast
between urban and rural areas, is illustrated in
Diagram 12, in which the urban rates (the aggregate of
the four chief cities) are expressed as percentages of
the rural rates (Landward Areas together with Small
Burghs). The changes which have occurred between the
period 1921-30 and 1931-37 are shown in Tables XXVIII
to XXX and Diagrams 13 and 14, the rates for 1921-30
being derived from the decennial report of the Regis¬
trar-General for that period1(Tables M and N).




Death-rates per million from cancer of various locations,
by sex and age, Scotland, 1931—7
All ages -25 25- 35- 45- 55- 65- 75- 85 +
Males
All locations 1479 37 144 515 1691 4615 10197 14439 16272
Buccal cavity, etc. 140 2 5 13 107 472 1081 1462 2396
Digestive organs, etc. 029 10 73 300 1032 2984 6614 9057 8387
Respiratory organs 135 4 26 106 295 451 641 627 271
Breast 3 0 0 1 6 3 12 49 116
Male gonito-urinary organs 150 5 16 33 112 377 1156 2009 2667
Skin 26 1 2 7 24 52 161 433 1353
Other or unspecified organs 96 15 23 54 116 278 533 801 1082
• Females
All locations 1598 28 . 164 787 2152 4352 8394 12526 13733
All locations excluding
breast and uterus 1161 26 105 415 1276 3066 6667 10325 11101
Buccal cavity, etc. 29 1 3 9 35 82 143 246 346
Digestive organs, etc. 857 6 59 255 818 2221 5227 8317 8070
Respiratory organs 63 3 11 40 119 197 294 241 191
Uterus 180 1 33 198 391 503 691 657" 502
Other female genital organs 72 3 16 51 147 222 280 326 312
Breast 257 1 26 174 485 , 783 1036 1544 2130
Skin 20 0 1 4 9 25 86 333 970
Other or unspecified organs 121 13 14 56 149 319 638 __865 1212
Ago groups
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Respiratory organs




Other or unspecified organs
Male genito-urinary organs
Other female genital organs
Breast
Skin
Diagram 12. ...Standardized death-rates from cancer of various locations in urban as percentages of
those in rural Scotland, 1931-7. 44Urban Scotland" includes the four cities, Glasgow,
Edinburgh, Dundee and Aberdeen; 4<Rural Scotland" includes the landward areas and
small burghs. The figure given in brackets for each location is the ratio of the difference
between the urban and rural rates to the standard error of the difference.
*
TABLEXXVII.
Crudeandst ndar izeddeath-r tespermillionfrocanc rfvarioulocatio s,bygeographicalre i ,Scotl nd,1931- Landward areas The four cities





























































































































The other twenty large burghs 1482 1-0969 1626 ±18 811 1-0862 88-1 ±4-2 880 1-1019 970 ±14 87-9 10518 92-5 ±4-2 87-3,10911 95-3 ±4-4 320 10958 35-1 ±2-7 117 1-1094 130 ±5-2 68-4 1-0807 73-9 ±3-8 20-2 1-1466 23-2 ±2-2 108 1-0878 117 +4-8
together ■with small burghs (rural Scotland) 1531 0-9222 1412 ±9-2 79-9 0-9033 72-2 ±2-0 901 0-9149 824 ±6-9 73-3 0-9531 69 ±2-1 86-4 0-9660 83-5 ±2-3 38-0 0-9581 36-4 ±1-5 141 0-9458 133 ±2-8 76-7 0-8878 68-1 ±2-0 26-6 0-8690 231 ±11 109 0-9301 101 ±2-4
Thefourcities
ThefourdivisionsfruralScotland
Glasgow 1470 1-1608 1706 ±16 76-2 1-1728 89-4 ±3-7 835 1-1767 983 ±12 141 1-0815 152 ±4-6 91-2 1-1098 101 ±3-8 31-0 1-1193 34-7 ±2-2 117 1-1484 134 ±4-4 63-5 1-1837 75-2 ±3-4 17-2 1-2807 22-0 ±1-9 97-5 1-1439 112 ±4-1
Edin¬ burgh 1746 0-9373 1637 ±22 101 0-9925 100 ±5-6 963 0-9412 906 ±16 122 0-9531 116 ±5-9 108 0-8784 94-9 ±5-1 58-1 0-8777 51-0 ±3-7 160 0-8755 140 ±6-2 80-3 1-0388 83-4 ±5-2 23-8 0-9605 22-9 ±2-6 130 0-9367 122 ±6-0
Dundee 1753 0-9739 1707 ±37 102 1-0643 109 ±9-7 1012 0-9810 993 ±28 100 1-0160 102 ±9-2 125 0-8930
' 112
±9-0 41-9 0-8798 36-9 ±5-1 148 0-8934 132 ±9-8
..77-4 1-1208 86-7
±8-9 25-0 1-0379 25-9 ±4-7 123 0-9691 119 ±9-7
Aberdeen 1615 1-0115 1634 ±37 84-8 1-0715 90-9 ±9-0 875 1-0160 889 ±27 102 1-0302 105 ±9-5 150 0-9630 144 ±11 39-9 0-9708 38-7 ±5-6 156 0-9590 150 ±11 59-8 1-0875 65-0 ±7-7 16-6 1-0478 17-4 ±3-9 130 1-0124 132 ±10-6
Northern 1762 0-7599 1339 ±14 98-2 0-7372 72-4 ±3-2 1050 0-7445 782 ±U 62-1 0-8407 52-2 ±2-9 90-4 0-8395 75-9 ±3-5 41-3 0-8206 33-9 ±2-3 169 0-7899 133 ±4-5 86-8. 0-7175 62-3 ±2-9 32-0 0-6499 20-8 ±1-6 132 0-7768 103 ±3-9
West- Central 1351 1-1010 1487 ±18 59-2 1-0937 64-7 ±3-8 794 1-1061 878 ±14 91-9 1-0694 98-3 ±4-6 78-1 1-0951 85-5 ±4-3 32-2 1-0991 35-4 ±2-8 117 1-1141 130 ±5-4 62-0 1-0875 67-4 ±3-8 22-3 1^1117 24-8 ±2-4 94-8 1-0890 103 ±4-7
East- Central 1377 1-0626 1463 ±20 77-0 1-0379 79-9 ±4-6 798 1-0627 848 ±15 68-1 1-0369 70-6 ±4-3 84-6 1-0885 92-1 ±5-0 36-6 1-0925 40-0 ±3-3 120 1-0073 132 ±6-1 75-9 1-0235 77-7 ±4-5 20-6 1-0896 22-4 ±2-5 96-3 1-0608 102 ±5-2
Southern 1728 0-8204 1418 ±27 92-9 0-8194 76-1 ±6-2 1004 0-8129 816 .±20 64-2 0-8706 55-9 ±5-5 103 0-8465 87-2 ±6-8 50-5 0-8433 42-6 ±4-7 175 0-8284 145 ±8-7 91-6 0-8056 73-8 ±6-1 36-8 0-8172 30-1 ±3-9 109 0-8346 91-0 ±6-9
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_ Diagram 13 .
Death-rates from cancer, by sex and age, in Scotland, 1931-7, as
percentages of those in Scotland, 1921-30.
111.
TABLE XXIX.
J Equivalent average death-rates per million, at ages 25-65, from





1921-30 1931-7 in 1921-30 8.E. of diff.
Males
All locations 1747 1741 100 0-3
Buccal cavity, etc. 212 149 70 9-1
Digestive organs, etc. 1150 1097 95 • 2-9
Respiratory organs 126 220 175 13-6
Malo genito-urinary organs 113 135- 119 3-8
Skin 19-5 21-3 109 0-8
Other or unspecified organs 124
Females
118 95 1-1
All locations 2031 1864 92 80
Buccal cavity, etc. 39-8 32-3 81 2-6
Digestive organs, etc. 950 838 88 7-5
Respiratory organs 72-8 91-8 126 4-3
Uterus 351 281 80 8-4
Other female genital organs 80-5 109 135 6-1
Breast
'
367 367 100 0
Skin 13-3 9-8 74 2-1
Other or unspecified organs
1
157 135 86 3-8
j 0 20 40 60 80 100 120 140 160 180 200
Buccal cavity, elc.
litems






Other female genital organs
Respiratory organs
^ . , Diagram 14.
Equivalent average death-rates, at ages 25-65, from cancer of various locations m
Scotland, 1931-7, as percentages of those in Scotland, 1921-30. The black columns refer to
males, the shaded columns to females.
TABLE XXX.
Dealh-rates per million from cancer of various locations, for all
ages and both sexes combined, Scotland, 1921-30 and 1931-7
1921-30 Rates in
(standardized 1031-7 as
on basis percentages Differenceof 1934 1931-7 of those
population) (actual) in 1921-30 s.K. of diff.
All locations 1521 1541 101-3 2-2
Buccal cavity, etc. 98-1 82-1 84 7-6
Digestive organs, etc. 893 892 100 01
Respiratory organs 62-5 97-3 156 16-6
Uterus 110 93-2 85 7-3
Other female genital organB 28'5 37-6 132 7-0
Breast 130 134 103 1-5
Malo genito-urinary organs 58-1 72-2 124 7-8
Skin 25-5 22-8 80 2-5





In the discussion of the distribution of cancer
as revealed by the statistics published by the Regis¬
trar-General, it is to be remembered that such statis¬
tics are derived from the information recorded on
death certificates. The cause of death is that set
down by the certifying doctor, and, where two or more
causes are entered, cancer, in general, is given pre¬
cedence. When the certification is made, the whole
course of the disease, including its fatal termination,
is of course already known. The problem of early
diagnosis is not here of importance, except, perhaps
occasionally, in connection with assigning the loca¬
tion of the primary tumour.
Some of the features of cancer mortality are well
known. As will be seen from Table XXVI and Diagram
11, for both males and females the rates are almost
inappreciable below the age of 25, rising steeply
after 55. At the younger ages the female rate exceeds
the male, but after the age of 55 the reverse is true
In women cancer of the breast and uterus is a very
important cause of death, and it happens that cancer
is particularly liable to attack these two sites dur-!
I
ing the age period 35-65. Cancer of the uterus Is a
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danger peculiar to the female, and that of the breast
almost so, and there is no corresponding hazard in the:
male. Though the prostate or testis is sometimes
affected, the incidence of cancer in these organs is
small compared with that of breast and uterine cancer
in women. If the incidence in all sites other than
breast and uterus in females be compared with the
total rate in males, it is found that in all age-groups
the female rate is substantially below that of the
male, the excess in the latter being of the order of
40^. It is well known that the male organism is, in
general, subject to higher death-rates than the female,
a peculiarity shown in respect of most diseases and
at all ages (Crew, 1937). It is, perhaps, reasonable
to look upon the male excess in cancer of locations
other than breast and uterus as a further expression
of this greater instability of the male organism.
Before discussing the various locations separate¬
ly, reference may be made to the English Registrar-
General's Decennial Supplement, 1931, part of which
deals with occupational mortality, and, inter alia,
discusses the effect of social class on disease (pp.
19-75). Although some diseases, such as angina
pectoris and cirrhosis of the liver, affect the well-
to-do much more than the poor, most maladies behave
In the opposite way, and work most havoc where economic
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distress is most severe. For all diseases combined,
the mortality among unskilled labourers (aged 20-65)
is about 23/2 greater than that among the professional
classes. Cancer follows the general rule. For males
aged 20-65 the; mortality (after standardisation to
correct for differences between sex and age distribu¬
tion) is 39/2 greater among unskilled labourers than
among the professional classes: for females the excess
is less, being only 10% for married women and approxi¬
mately 20/2 for single women.
For brevity we shall speak of a normal social
gradient when the death-rate increases in passing from
the well-to-do to the poor, and of an inverse gradient
when the reverse is the case. The English statistics
bring out the fact that certain locations have very
characteristic social gradients. The skin, buccal
cavity, and alimentary tract down to the pylorus have
a well-marked normal gradient. For organs of the
digestive tract below the pylorus there is little or
no gradient. Of the sex organs, the uterus has a
normal, and the ovary, testis, and female breast, an
inverse gradient. These facts are to be borne in
mind in the discussion of our results in as far as they
refer to the various locations.
I
The buccal cavity, the first location which we
shall discuss, includes sites which are, for the most
I
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part, highly accessible, so that we might expect the
recorded figures to correspond closely to the actual
facts. For this location we find the incidence in
males much higher than in females, and also the inci¬
dence in towns substantially higher than that in the
country. The greater incidence in males is in accord¬
ance with the general principle that, in the case of
sites common to both male and female, the incidence in
the male is usually higher. The higher rates in towh
as compared with country for this very accessible
location would seem to argue an important influence of
environment. There would seem to be little doubt that
part of the urban cancer of this location is prevent¬
able in the sense that, if the same persons had been
living in a rural environment, the incidence of mor¬
tality from cancer of the buccal cavity would have
been considerably less.
A comparison of the death-rates at various ages
for the periods 1921-30 and 1931-37 shows that, where
as in the age-groups over 65 the rates have remained
■9
substantially constant, in the younger age-groups the
rates have actually become less. It Is probable tha
this decrease is a real one, and no doubt is, In part
to be attributed to improvement in surgical and radiof
!
logical treatment. However, it has to be borne in




in during the latter part of the nineteenth century,
resulting in a general decrease in the death-rates of
the people who grew up in these improved surroundings
as compared with earlier generations (Kermack,
McKendrick & McKinlay, 1934), and it is probable that
the reduction in the death-rate from cancer of the
buccal cavity is, in part at least, a result of the
better environment. It is, perhaps, not too optimis¬
tic to hope that these generations will carry their
lowered cancer death-rate along with them, as they
have done their general death-rate, and that subsequent
generations will progress to a still lower level of
mortality.
A location which snows a number of similarities
to the buccal cavity, in respect of the incidence of
rumours, is the uterus. The difference between the
urban and rural rates is of the same order - an urban
excess of 30$ for the buccal cavity and 26$ for the
uterus. The uterus resembles the buccal cavity in
being, from the point of view of cancer diagnosis, a
relatively accessible organ, and for this, as well as
for other reasons, a location in which diagnosis is
likely to be relatively accurate. In both locations,
too, for the age-groups under 65, substantially lower
rates have been recorded for the period 1931-37 as
compared with those of 1921-30 (see Tables XXVIII,
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XXIX, and Diagram 14) . The change may "be regarded as
having occurred during an interval of 8s years, that
is, between 1925.5 and 1934, the mid-points of the two
periods.
One other point of similarity between the loca¬
tions has already been referred to. According to the
report by the Registrar-General on occupational mortal¬
ity, both these locations show a very marked normal
social gradient. Of the five social classes into
which the population of the country is divided, the
lowest, Class V, shows, for both locations, about
double that for the highest, Class I. For uterine
cancer this statement applies to married women, but a
similar gradient, though not so pronounced, is also
observed for single women.
In sharp contrast to the buccal cavity and the
uterus is the other important accessible site, the
female breast. For this site there is no significant
excess in unban as compared with rural areas . It has
been clearly shown by the English Registrar-General
that for this site there is a steep inverse social
gradient, that is to say, the higher the social class
the higher the incidence of recorded deaths. Cancer
of this site also differs from that of the buccal
cavity and the uterus in showing no improvement, even
over the age-group 25-65, during the 8-g- year interval
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"between 1921-50 and 1931-37 . It is also in marked
contrast to uterine cancer in "being more common in
single than in married women. It may "be mentioned
that, in the report dealing with the mortality from
cancer in England and Wales for the period 1911-20,
the only other comparable British investigation apart
from that of Russell referred to above, a slight but
definite and consistent urban excess of breast cancer
was found, the magnitude of the excess being about
10$. Our own results, showing a 4% excess, are con¬
sistent both with the existence of an urban excess of
10%>, and also with the assumption that there is no
real urban excess. The relative uniformity may be
related to the fact that cancer of the female breast
is brought about by pre-eminently intrinsic causes,
and so is much less dependent on environment than,
say, that of the buccal cavity. Comparison of the
specific age rates, or of the equivalent average
death-rates, for the two periods, shows that not only .
has there been practically no change in cancer of the
breast below the age of 65, but at higher ages there
has even been a slight increase, the largest, one of
16$, being at ages 75-85. This failure of breast
cancer to show any substantial decrease is perhaps
surprising in view of the fact that surgical treatment;
of particular cases is often successful. The matter
119.
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is discussed by Dunlop (1930, p. 100), who found, up
to 1928, an increase in breast cancer not explicable
by the older age distribution of the population.
Though, in an accessible site such as breast, the
result of better diagnosis is likely to be small, it
has been suggested that it may have the effect that a
certain number of primary cancers of the breast, with
secondaries elsewhere, will now be returned as cancers
of that organ, whereas, in the past, they would have
been referred to the secondary site.
About the other accessible location in the
classification, namely skin, no definite conclusions
can be drawn from the results, because of the small-
ness of the numbers. The figures are consistent with
an absence of urban excess, but are also consistent
with a real urban excess of, perhaps, 12$. It may
be remarked that, on the basis of the England and
Wales experience, the skin is to be classed with buccal
cavity and uterus in showing a normal social gradient.
and, in harmony with this, we find, on the whole, an
improvement during the 8-g- years, though, in consequence
of the small numbers, the changes for particular age-
groups show considerable variation.
The location digestive organs is the most import¬
ant of all from the quantitative point of view. In




deaths certified as due to cancer. Of this large
group about 45$, i.e., about a quarter of all cancer
I
deaths, are due to cancer of the stomach and oesopha¬
gus. Most of the organs classified under this loca¬
tion are to be regarded as inaccessible., in contrast
to the buccal cavity, uterus, and breast. In spite
of this inaccessibility, the urban excess for the
digestive organs is only 16$, actually less than that
for the buccal cavity and uterus.
There is some reason for believing that we may
here be dealing with a location where better diagnosis
may, in some measure, tend to reduce, rather than to
increase, the number of certified deaths included
within it. Where diagnosis is inexact, tumours hav¬
ing their primary site in such organs as the prostate,
kidney, or breast, may be reported as cancers of the
digestive tract. With more accurate certification
these would be removed from this category and put in
their proper locations. This tendency, of course,
does not exclude the possibility of a fictitious urban
excess due to the recording in the towns of cases of
cancer of the digestive organs which would be ascribed
to some quite different cause in the country. However,
any urban excess, whether produced in this way or
dependent on a real difference in incidence, would
thereby tend to be diminished.
121.
These observations are also to be borne in mind,
when considering the changes which have occurred dur¬
ing the 8i=r years in the rates of incidence in this
location. The equivalent average death-rate (25-65)
shows a slight fall for each sex, whilst the standard¬
ised death-rate (Table XXX) remains unchanged. In¬
spection of the age specific death-rates shows that
there has, in general, been a fall up to the age of
65. This accounts for the decline in the equivalent
average death-rate; whilst at ages over 65 the age
specific rates have increased. The standardised
death-rate, of course, involves the rates over 65 as
well as under 65. It seems likely that, in this
inaccessible location, part, at least, of the fall
under 65 is due to increased accuracy of diagnosis
resulting in some transfer of certified deaths from
this to other locations. At the same time it is
possible that some of the improvement may be real.
As remarked above, about 45^ of the cases are
cancer of the stomach and oesophagus, sites which
show a normal social gradient. Below the pylorus,
however, there is, for the digestive organs, little or
no social gradient - in marked contrast to the alimenj
tary tract above the pylorus. Thus the whole loca¬
tion has a definite, though not very large, normal
social gradient. Consequently, an improvement in
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the general standard of life is likely to he accom¬
panied by some decrease in the incidence of cancer in
this location, quite apart from any reduction of the
death-rate consequent on treatment. The figures
presented, though consistent with this tendency, are
i
not sufficiently definite to be considered as demon¬
strating it.
The greatest urban-rural differences are found
in cancer of the respiratory tract, where the urban
excess is in the neighbourhood of 90$. This location
is also peculiar in showing an extraordinary increase
in the number of recorded deaths during the 8-g- years
/ *
under review. The increase in the female equivalent
average death-rate (between 25 and 65) is 26$, whilst
the corresponding figure for males is 75$, that is to
say, it is about three times as great for men as for
women. It has been suggested that this may be
dependent on the fact that employed men, being within
the scope of the National Health Insurance Scheme,
are more likely to report any incapacitating illness,
and to be subjected to thorough efforts at diagnosis.
If the patient is a worker under conditions rendering
him liable to inhale fumes, dusts, etc., the question
of possible compensation may ensure the medical
examination being still more thorough. The fact
that in the- age-group 65-75 the rates of increase for
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male and. for female are substantially equal supports
this view. In the age group 75-85 the recorded
number of deaths is small, and, in consequence, the
apparent excess in the male rate of increase is pro¬
bably not significant. There would seem to be little
doubt that the substantial increases in deaths from
cancer of this location are, to a large extent, to be
accounted for by more complete diagnosis, as new
methods have been developed and brought into use.
It has been shown, in the report of the Registrar-
General for England and Wales dealing with occupational
mortality during the period 1930-2, that cancer of the
larynx shows a very pronounced normal class gradient in
males, but not in females. This suggests that cancer'
of this site is largely of occupational origin. On
the other hand, cancer of the lung does not show a
similar marked class differentiation in either sex,
though in males and females the rate in Class V, which
contains unskilled industrial labourers, is about 20$
and 10$ higher, respectively, than that of Class IV,
which includes the bulk of agricultural labourers.
This is in accordance with our finding, and, indeed,
the large urban excess suggests that the difference
between Classes IV and V may be a secondary one - that,
in this instance, the distinction between urban and
rural areas is the more fundamental. This is, of
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course, consistent with the view that the difference
n recorded death-rates may be dependent on diagnosis,
as the newer methods might be expected to be more
readily available to those within easy reach of the
larger hospitals.
However, we hesitate to attribute the regional
differences wholly to incomplete certification, because
of the differences found amongst the larger towns. In
particular, we note a standardised rate for Glasgow of
152 and for Edinburgh of 116. The difference is 56
and the standard error of this difference 7.5, so that
it is probably significant.
The two locations, female genital organs other
than the uterus, and the male genito-urinary tract,
though not exactly comparable, may conveniently be
considered together. Both groups of locations are
somewhat heterogeneous, and include certain sites which
may be considered accessible, and others which are
relatively inaccessible. They do not, therefore,
shed light on the primary object of the present inves¬
tigation, the reality of the urban excess. Actually,
the urban excesses for both these locations are nearly
equal (9% and 14$,^respectively), though it is very
doubtful if the female excess is significant. During
the period of 8g years there was an increase in the
reported cancer death-rates for both locations. It
im.V.
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is of interest to note that, for the ovary, there is
an inverse social gradient, and that, for the prostate
the social trend, though less decided, is in the same
direction.
Little need be said about the remaining location,
which includes all sites not already classified, and
so is very heterogeneous, except that the urban excess
though highly significant, is less than that found for
the accessible locations buccal cavity and uterus.
This is in spite of the fact that the miscellaneous
sites which go to make up this location are, for the
most part, relatively inaccessible. It 'may be noted
that,' in the>interval between 1921-30 and 1931-37, a
fall occurred in both sexes in cancer of this location
(Tables XXVIII-XXX).
(b) Comparison with Russell's findings.
As mentioned above, our results, though in general
agreement with those found for England and Wales by the
Registrar-General for the years 1911-20, appear to
diverge from those of Russell for Scotland for the
period 1923-28. It is to be observed, however, that
the findings of Russell, in as far as they bear on the
present problem, are of a negative character. Thus,
in the case of the buccal cavity, he states that in
only one county (Midlothian) out of thirty-three is
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the observed, number of cancer deaths significantly
greater than the calculated number (though the figures
given in the paper indicate that, in both East Lothian
and Forfar, the excess of actual over expected deaths
is probably significant). As he treats each county
separately, he is working with relatively small units
in some of which the expected number of deaths for
any one location is often very small, and so the
sampling error is proportionately big. Under these
conditions, the fact that the observed distribution
of deaths is consistent with the assumption of uni¬
formity does not show that there is, in reality, such
uniformity, and that there is no urban excess.
The figures given by Russell were further analysed
as follows. An index of industrialisation was found
for each of the thirty-three counties (including the
Large Burghs in each county). This was calculated
from the Report on the Census for 1931, which lists
twenty-t^wo different Industry Orders, giving the
numbers engaged in each in the various counties. The
first two of these industries, which we shall call
Group A, are predominantly non-urban, namely, I, Fish
ing, and II, Agriculture. The next twelve on the
list (Group B) cover most of the typical industrial
occupations:
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Ill. Mining and Quarrying.
IV. Manufacture of Bricks, Pottery, Glass, etc.
V. Manufacture of Chemicals, etc.
VI. Manufacture of Metals, Machines, etc.
VII. Textile Industry.
VIII. Manufacture of Leather and Leather Goods.
IX. Clothing Manufacture.
X. Manufacture of Pood, Drink, and Tobacco.
XI. Wood Working.
XII. Paper and Stationery Manufacture: Printing
XIII. Building and Contracting: Decorating.
XIV. Other Manufacturing Industries.
The remaining eight industries refer to activitie
common to both urban and rural areas:
XV. Gas, Water, Electricity.
XVI.v Transport and. Communication.
XVII. Commerce and Finance .
XVIII. Public Administration and Defence.
XIX. Professions.
XX. Entertainments and Sport.
XXI. Personal Service.
XXII. Other Industries or Industry not stated.
To some extent this division is an arbitrary one
but is convenient and suitable for practical purposes
The "index of industrialisation" chosen is the ratio
of those employed in Group B to those in Group A.




Degree of industrialization of Scottish counties
Comity Index of County Index of
(including industriali¬ (including industriali¬
large burghs) zation large burghs) zation
Orkney 0-2 Aberdeen 1-4
Sutherland 0-3 East Lothian 1-4
Wigtown 0-4 Roxburgh 1-9






Kincardine 0-5 Ayr 5-8
Kirkcudbright 0-5 Fife 6-8
Nairn 0-5 Selkirk 7-0
Boss and Cromarty 0-5 Forfar 7-5
, Argyll 0-7 Stirling 10-1
| Inverness 0-7 West Lothian 10-1
1 Moray 0-7 Midlothian 130
Zetland 0-7 Dumbarton 17-7
Bute 1-0 Clackmannan - 18-2
Perth 1-2 Konfrow 24-3
' Dumfries 1-3 Lanark 321
Kinross 1-3
. J
By choosing some suitable point of division we
may separate the counties into the more and less high'
ly industrialised, and compare the expected with the
actual number of cancer deaths in each division. We
choose, somewhat arbitrarily, as dividing point, the
index 4.95, which corresponds to the mean degree of
industrialisation of the whole of Scotland (the re¬
sult is substantially the same whatever the dividing




Actual Expoctod Actual Expected
j Counties with index of industrialization 1009 1086 622 697
Icrs than 4-95
Counties with index of industrialization 2442 2360 1529 1462
I greater than 4-95
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Investigation of the goodness of fit by the usual
formula gives P » 0.0038 and 0.0010 for breast and
buccal cavity respectively. According to this result,
there is an excess, very probably significant, of
breast cancer in the more industrialised counties, anc.
a very definite excess of buccal cavity cancer. The
latter result is what we have found for the later
period. The breast cancer finding is consistent with
the England and Wales experiences for the years 1911-
20, and cannot be regarded as inconsistent with our
own result, since the absence of significant devlatior.
from uniform distribution does not exclude the possi¬
bility of, say, a 10$ difference between urban and
rural areas. The urban excess, however, would seem
to be less in the breast than in the buccal cavity
mortality.
>
(c) Recent changes in Scottish cancer mortality.
A fact of some significance is that during the
interval between 1921-30 and 1931-7 improvement has
been most pronounced at the younger ages. For all
deaths from cancer, at ages 25-65, there was, in the
case of women, a net improvement of 8$, whilst, in
the case of men, the incidence remained almost exactly
constant. At the same time, for ages 65-85, there
was a considerable deterioration, an increase of 13$




suggest that modern therapeutic methods are postponing
death rather than curing the disease. Even though
this were true, the postponement of many deaths from
middle to old age would he a satisfactory achievement.
It is doubtful, however, whether the statistical facts
are wholly to be explained in this way. The people
i
over 65 years of age In 1931-37 are not, in general,
the same individuals as those under 65 years of age in
1921-30. The people, for example, who were 85 and
over in 1931-37 must have emerged from the under 65
group before 1917. Up to this time little improve¬
ment had taken place, even in those under 65. To
obtain a clear picture of the course of events, it
would be necessary to study generation mortalities,
that is, to follow the course of a particular genera¬
tion throughout life, and thus to ascertain whether,
for such a generation, a low mortality in middle age
resulted in a higher mortality later on. The data at
present available do not permit of this being done.
It is to be remembered, however, that, in the case of
the death-rate from all causes, the fall, apart from
infant deaths, began in the younger age-groups, and
that the Improvement was carried by the generation
throughout life (Kermack, McKendrick & McKinlay). It
may be considered optimistic to expect that a similar
course will be exhibited in cancer mortality, and
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that the present fall in cancer deaths at younger ages
will he followed, in a few decades, by corresponding
falls at higher ages. The figures, however, are just
as consistent with this interpretation as with the
hypothesis of delayed deaths.
It might be anticipated that, where there is a
normal social gradient, there will be a progressive
improvement in death-rates, corresponding to the
general rise in the standard of living. Where, on
the contrary, the social gradient is inverse, an in¬
crease in mortality is to be expected, or, if other
advantageous factors are having an effect, a decrease
less marked than in the case of the locations with
normal social gradients. How far this anticipation
is realized is reflected in Table XXXIII.
Table XXXIII . ,
Equivalent average death-
rates (25-65) in Scotland,
1931-7, as percentages
of those in 1921-30
(cf. Table IV and Fig. 4)
Standardized death-rates
(35-65) in Social Class V
as percentages of thoso in
Social Class I, England •
and Wales, 1930-2
Males Females Males Married women
Buccal cavity 70 81
' 195 —
Uterus — 80 — 200
Other female genital organs — 135 — 60
Digestive organs 95 88 140 155
Breast — 100 — 60
Male gonito-urinary organs 119 — 100 —
Skin 109 74 - 225 —
Respiratory organs 175 126 110 100
For some locations the figures in the last two columns are only approximate,
being obtained by weighting the values for the constituent sites.
It will be seen that there has been improvement
only where there is a normal social gradient, but that
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the reverse does not always hold, as, for example, in
the case of the respiratory tract. As mentioned above
there has been a very rapid increase in the number of
certified deaths from cancer of this location. At
the same time it shows but little social gradient,
though what there is is normal in type. It has al¬
ready been remarked, however, that much of the increase
of cancer of the respiratory tract is unquestionably
due to improvement in diagnosis, so that undue impor¬
tance should not be attached to this location.
(d) Reality of urban excess.
In interpreting these results, the known facts
relating to the effects of industrial and social con¬
ditions on cancer must be borne in mind. The special,
liability of workers in particular occupations to
develop cancers of the skin, etc., in consequence of
subjection to carcinogenic agents, is now general
knowledge. The greater liability of the poor to
develop cancer of the buccal cavity and stomach, and
of the skin and uterus, and their relative immunity
from cancers of the breast, ovary, and testis, and,
to a lesser extent, of the prostate, has been strik¬
ingly demonstrated in the two reports on occupational
mortality by the Registrar-General for England and
«
Wales for the years 1921-23 and 1930-32. The results
mm*
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seem too consistent and specific to "be attributed
mainly to variations in certification. Certain ways
of life, perhaps certain types of diet, appear to pro¬
mote or retard the development of cancers in particu¬
lar sites. Such differences in habits of food, and
in hygiene, in environment in the broad sense, un¬
doubtedly exist as between town and country, and the
observed differences would seem, in part, to be due to
this. There is little doubt that some of the apparent
urban excess is due to defective certification in
rural areas, but the weight of the evidence is against
the view that this is the whole explanation. An urban
or industrial 'inilieu" would appear to be conducive to
the development of cancers, and the identification of
the particular elements of such an environment which
are responsible, and their ultimate removal, would be
an obvious means of reducing future cancer mortality.
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CHAPTER V.
FERTILITY IN SCOTLAND: A COMPARISON OF
URBAN AMD RURAL AREAS.
Although, as is well known, a general fall in the
birth-rate has occurred during the past seventy years,
there seems to be' little information on the question
as to how the fall proceeded in various parts of the
country. One might have ventured to guess that it
began in the more sophisticated centres of population,
such as the big towns, and afterwards spread to the
rural parts of the country. Clearly, definite in¬
formation on this point might be of some assistance in
forming an opinion as to the causes which have been at
work to bring about the general decline.
It was therefore decided to attempt to analyse
the changes in the birth-rate with respect to Its
relation to urban and rural environment. We shall
first of all consider the crude birth-rate from this
point of view. We shall next deal with the general
fertility rates. These make allowance for the pro-
\
portion of women of child-bearing age in the community,
but do not take into consideration the actual age
distribution of these women. To correct for differ¬
ences in such age distributions is scarcely possible
for the whole period covered by this study, as, in the
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earlier years, the required data are not always avail¬
able. However, in the third section of this chapter
a special analysis has been made of the period 1926-
35, in which the general legitimate fertility rates
have been standardised, and the figures have been
worked out for each county separately. This detailed
study over a particular decade to some extent supple¬
ments the vaguer results of the first two sections.
1. CRUDE BIRTH-RATES.
Crude birth-rates for the town and country dis¬
tricts of Scotland during the past eighty years are
presented in Table XXXIV and Diagram 15. The figure
in the table are taken from exactly the same sources,
and are for the same calendar periods, as those for
the crude death-rates given in Table X (p. 55). The
same process of averaging has been employed for the
>
two tables.
The decline in the birth-rate was first apparent
in the triennial period centred at 1881, and it
evidently set in about the same time in the five dif¬
ferent types of districts. Up to 1911 the rates for
Small Towns were uniformly lower than those for
Principal Towns and Large Towns, and the country rate
were substantially lower than the Small Town Rates.




Crude Birth-Rates in the Urban and Rural ,













1855-57 36.8 37 .4 35.0
'
30.3 28.1 33.3
1860-62 38.1 37 .2 36.4 31.4 32.6 35 .0
1870-72 38.1 37 .3 35.1 31.1 28.7 34.7
1880-82 36.1 35 .9 34.0 30.0 25.0 33.5
1890-92 32.5 33.4 31. 4- 27 .2 22.6 30.8
1900-02 30.8 31.5 29. 9 25.7 21.7 29.4







1911-12a 26.6 24.8 25. 3 25.8








1930-3213! 19.8 17.5 18. 7 19.0
j 1936-38 18.5 16.3 17 . 2 17 .7
Rates referring to years earlier than 1871, for the
five divisions of the country created in that year,
were published in the Seventeenth Detailed Annual
Report (Abstracts of 1871).
a. Two-year period.
b. The rates for the period 1930-32 are the averages
of the 1930 figures for Larger Burghs, Smaller
Burghs and County Districts, and of the 1931
and 1932 figures for Large Burghs, Small Burghs
and Landward. Areas .
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After the break in continuity in 1911, due to the
changes in classification previously referred to, a
somewhat different order is apparent. A rise occur¬
red in the 1911 period from 23.5 for Mainland-Rural
to 25.3 for County Districts in the same period, and
corresponding fall from 27.5 for Large Towns to 24.8
for Smaller Burghs. Prom that date to the present
time, although the country continued to have a rate
appreciably lower than that of the Larger Burghs, it
was generally higher than that of the Smaller Burghs.
During the entire period of eighty years, the rate fo
Principal Towns (or Larger Burghs) has maintained a
I
higher level than the country rate.
The inversion, in 1911, of the relative levels o
the birth-rates in the country and the smaller urban
groups, as a result of the change in classification,
is somewhat remarkable. An explanation of this un¬
expected feature of urban and rural birth-rates is not
readily forthcoming. It rather looks as if the
County Districts (or Landward Areas) contain some of
the most fertile of the Small or even Large Towns.
We know that various towns which have grown rapidly in-
recent years, but which have never acquired burghal
status (such as Cambuslang and Carluke, both of which
increased, approximately threefold between 1911 and
1931), are included in the County Districts. The
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transference of such units from the Large or Small
Towns to the County Districts might account for the
low birth-rate of the Smaller Burghs (which, by hypo¬
thesis, are frequently old towns which have not in¬
creased in size, or have even shown a decrease), and
the relatively high fertility of the County Districts.
The sudden fall in the birth-rate which took
place during the First World War, and the rise which
followed, are not revealed in the diagram, owing to
the system of presenting the figures for short periods
centred, for the most part, at Census years. These
abnormal changes are clearly discernible in Diagrams
16 to 21, in the next section.
From the point of view of our general enquiry,
the chief features shown by Diagram 15 are the almost
simultaneous commencement of the fall in the birth¬
rate in all five geographical divisions, and the
general parallelism which is manifest in the course of
the curves, in spite of the complications resulting




(a) Data andDetails of the Construction of the Tables
The crude birth-rate in any section of the com¬
munity is largely determined by the proportion of
women at the reproductive age. For this reason we
shall now consider those measures of fertility which
take this proportion into account, namely, the general
fertility rates (see p. 42). A series of six tables
has therefore been constructed, containing general
fertility rates in various towns and divisions of
Scotland during the past eighty years. Corresponding
diagrams have been prepared and are placed facing the
tables which they illustrate. A brief account of
how the tables were made will now be given.
General total, general legitimate, and general
illegitimate fertility rates were calculated for the
different urban and rural districts for each Census
year from 1861 to 1901, by relating the total,
legitimate, and illegitimate births, taken from the
Registrar-General's Annual Reports, to the total,
married, and single women respectively, aged 15-45,
taken from Census Reports and the Annual Reports for
certain years (Tables XXXV, XXXVI, and XXXIX).
For 1861 the average was taken of the births in
1860, 1861, and 1862. Although neither vital nor
Census statistics were published in those years for
1
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the Principal Town Group and the Large Town Group
(which were not defined officially until 1871), it wa&
possible to obtain rates for the former Group by taking
the sum of the births, and of the relevant women aged
15-45, in the individual towns forming the Group!
The difference between the figures for Principal Towns,
thus found, and the figures for "Town", 1861, resulted
in figures and rates for the Large Town Group. The
Mainland-Rural and Insular Groups of 1861 could not,
unfortunately, be divided into their Small Town and
rural components.
For 1871 it was impracticable to take the average
over three years owing to certain differences in
classification between 1870 and 1871.
In 1881, Kilmarnock, whose population had
exceeded 25,000, was promoted from the Large Town to
the Principal Town Group, and certain towns, for
instance, Peterhead and Falkirk, were transferred
from the Small Town to the Large Town category. At
the same time, a number of townships, such as Lasswade
and Prestonpans, whose populations had passed the
2,000 mark, became classified as Small downs. These
changes made it necessary to use the statistics of one
year only, so that the Census data and those of the
Registrar-General should be comparable.
Again, in 1891, for similar reasons, rates had
to be calculated based on the births of a single year,
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For this particular year, some difficulty was ex¬
perienced in getting the distribution of women with
respect to age and marital condition in the five dif¬
ferent town and country divisions, for this distribu¬
tion is not tabulated in the 1891 Census Report.
However, it happens that, ten years later, two tables
were published in the Forty-Seventh Annual Report (for
1901) giving the numbers of the population by age and
3ex, but not by marital condition, for the five dis¬
tricts in 1891 and 1901. The number of women aged
15-45, in the table for 1891, after slight adjustment
to allow for discrepancies between the actual popular
tions of the groups in 1891 and those given in the
table, were used to calculate the general total fer¬
tility rates for 1891. An estimate of the number of
single women in the age range 15-45 for the five dis¬
tricts was given in the Annual Report for 1891, and
the difference between .these estimates, corrected for
certain errors, and the figures for all women aged
15-45, resulted in estimates of the numbers of married
women aged 15-45. In this way approximate values of
i
the general legitimate fertility rate and the general
illegitimate fertility rate were obtained for the
various urban and rural divisions in 1891.
Similar difficulties were encountered when
attempting to calculate town and country fertility
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rates for 1901. Again the required population data
are lacking in the Census Report. The total women
aged 15-45 in each type of district were abstracted
from the table in the Annual Report for 1901, refer¬
red to, above. A special investigation showed that,
in the case of the Principal Towns, Large Towns,
Small Towns, and Mainland-vRural, each taken separately,
the proportion of married to total women in the age
range 15-45 had remained approximately constant at
the three previous Census years. In the case of the
Insular-Rural Group, the proportion had steadily
fallen, but as this Group was very small in number,
the lack of estimates for it in 1901 is not a serious
omission. By assuming, then, that the proportion of
married women to total women in these four divisions
was the same in 1901 as the average of the corres¬
ponding proportions for the three preceding Census
years, estimates of the required numbers of married
women were arrived at. The numbers of single women
aged 15-45 were, of course, obtained by taking the
difference between the married women and total women.
The resulting general legitimate and illegitimate
fertility rates for 1901, consequently, must be re¬
garded as approximations. However, these are unlike
ly to be seriously in error, and, in the absence of
official figures, it seems justifiable to include them
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in our analysis. The Insular-Rural Group in this
year is represented by a figure for the general total
fertility rate only.
In 1902 the Registrar-General began to publish
general total fertility rates for the urban and
rural districts, followed, in 1912, by general legiti
mate and general illegitimate rates in addition.
Average values of these annual .rates over calendar
periods of different lengths are included in the
tables. The length of the periods during and after
the First World War have been selected so as best to
indicate the changes in fertility caused by that
upheaval.
)
General legitimate fertility rates (Table XXXVII)'
and general illegitimate fertility rates (Table XL),
for each of the four chief cities, have been obtained
for the same calendar periods as the corresponding rates
for the urban and rural districts. Those for the
Census years 1861 to 1901 were computed from the basic
data, namely, the numbers of legitimate and illegiti-
jmate births, and the numbers of the married and single
women respectively, aged 15-45, in each city. When
(abstracting these data, difficulty occasionally arose
as a result of the boundary of a town, for the purpose
!of the Registrar-General's returns of births, deaths,
and marriages, being different from the boundary
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adopted in the Census reports. The consequent dif¬
ferences in population are sometimes not inconsider¬
able. For example, in 1881, the population of the
"Principal Town" of Dundee in the Registrar-General's
>
Annual Report is 142,455, whilst the population of the
"Parliamentary Burgh" of Dundee in the Census Report,
to which we must refer for the distribution of women
by age and marital condition, is 140,239. Small
adjustments had thus to be made occasionally to ensure
that the numbers of births were related to the appro¬
priate numbers of females aged 15-45. Since 1902
the Registrar-General's Annual Reports have contained
both general legitimate and general illegitimate
fertility rates for individual Principal Towns (Larger1
Burghs since 1911), and these annual rates have been
used to form average values for Glasgow, Edinburgh,
Dundee, and Aberdeen, during various calendar periods
as shown in the tables.
In Scotland we have two mountainous areas which
have many points of similarity with each other, the
Highlands and the Southern Uplands. In Chapter III
we have already compared the course of the infantile:
mortality in a typical group of four Northern counties
with that in a second group of four Border counties
The same two groups have been included in the study
of fertility. General legitimate fertility rates
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(Table XXXVIII) for these two groups have been com- I
puted for each Census year from 1861 to 1931. To
reduce sampling errors the averages of the births hav^
been taken over three-year periods. Rates for the
War period 1917-19 and the post-War period 1923-25
are also included, using estimates, taken from the
Registrar-General's Reports, of the numbers of mar¬
ried women aged 15-45 in each county. In the same
way, figures for the triennial period 1937-39 have
been calculated. In view of the unexpected trends
of the figures set forth in Table XXXVIII, standard
errors for the rates have also been worked out, and
are included in the table. These were calculated
from the approximate formula S.E. - R,^/N> where R
is the rate, and N the total number of births from
which R was computed.
We may now proceed to examine the various tables
and diagrams.
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(b) General Total Fertility Rates .
Diagram 16 demonstrates the important fact that
the decline of the general total fertility rate
started about the same period in the five urban and
I
.
rural divisions of the country.
Up to 1910 the rate for Large Towns wa? highest
and, excepting the small Insular-Rural Group, that of
Principal Towns lowest. The Mainland-Rural held an
intermediate position throughout. In 1911 we have
the same remarkable inversion of town and country
levels observed In Diagram 15 in the case of the cor¬
responding crude birth-rates. Up to 1910 the Mainlahd
Rural rate was appreciably below those of the Large
Towns and Small Towns. In 1911, however, the rate
for County Districts in the new classification was
much higher than that of the new Jgroup of Smaller
Burghs. These new levels have been maintained up to
the present time. During the last two decades the
Smaller Burghs Group has been definitely lowest, with
the Larger Burghs in the intermediate position.
Throughout the period of eighty years the rate
for Principal Towns (or Larger Burghs) has been con¬
stantly lower than the country rate, in contrast with
the experience for the crude birth-rates.
Ignoring the small Insular-Rural Group, it is of
some interest to observe that at the beginning of the
19 UO
Diagram 16. General Total Fertility Rates
in the Urban and Rural Divisions of




General Total Fertility Rates (Total Births
per 1000 Women aged 15-45) in the Urban and Rural

















1 • 1860-62 140.4 154.4 — 148.2 a 117.5 a 144.6
?
1871 146.0 159.4 152.8 147 .7 125.7 148.6
1
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1891 130.4 147 .4 141. 6 133.3 104.4 134.4
1901 118.5 131.7 128. 9 120.2 100.4 122.1
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1911 103.6 100 .5 115.2 106.6
1912-14 103.9 102 .0 116.9 107 .3
i
\ 1915-18 85.7 85 .8 101.8 90.3
\
1 1919-21 I 103.5 98 .2 108.8 103 .9
1 1922-25 93.1 82 .7 96.1 91.9










1931-35 75.0 69 .0 81. 8 76.0
1936-39 73.1 67 .9 78. 3 73.7
, „
a. Includes Small Towns.
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period under review, in 1860-62, the rates ranged from
154.4 for Large Towns to 140.4 for Principal Towns, a
difference of 14.0. Seventy-five years later, in
1931-35, when the general level was about half of that
originally prevailing, the rates ranged from 81.8 for
Landward Areas to 69.0 for Small Burghs, a difference
of 12.8. In spite of the very considerable fall, the -
degree of variation has remained extremely constant.
The general parallelism of the lines (apart from the
inversion of levels in 1911 already referred to) is
obvious from the diagram. As far as these particular
geographical divisions of Scotland are concerned, no
significant differences in the course of the fall of
general total fertility rates can be detected. „ "
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(c) General Legitimate Fertility Rates.
The general legitimate fertility rate, like the
crude birth-rate and the general total fertility rate,
began to fall in the various urban and rural areas
almost simultaneously (Diagram 17). The same ten¬
dency for the rates, broadly speaking, to follow
parallel courses in their descent is also noticeable.
The curves are extremely regular from 1861 to 1901.
During this period the figures for Large Towns, Small
Towns,and Mainland-Rural are practically alike, whilst
those for Principal Towns remain about 25 per 1000
lower throughout. The relative levels after 1911
are somewhat different, but there is not the same
inversion that was experienced with the crude birth¬
rates and the total fertility rates. The outstand¬
ing feature of the last twenty years has been the
consistently low level of the Smaller Burghs. During
this time the County Districts (or Landward Areas)
have been highest, with the Larger Burghs in the
intermediate position. In fact, the picture for
general legitimate fertility rates during the past
two decades has been very similar to that for general
total fertility rates.
Diagram 17. General Legitimate Fertility-
Rates in the Urban and Rural Divisions
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Births per 1000 Married Women aged 15-45) in the













1860-62 299.9 317 .8 — 325.4 a 322.5 a
\ i
516.0
1871 301.1 328.3 317 . 7 332 .3 344.3 317 .4 ;j
1881 297 .4 323.9 326. 0 325 .2 320.3 313.1
1891 286.8 310.4 312. 8 311.0 321.2 300.4
1901 255.6 278.6 1 282.
I







1912-14 225 .8 230.0 250.1 233.9
1915-18 185 .1 194.0 217 .8 195.5
1919-21 225 • 222 231 226
1922-25 201.1 182.9 206.7 199.2







1931-35 160.4 149.8 170. 0 161.5 '
1936-39 150.3 142.3 156. 2 j 150.7
a. Includes Small Towns.
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Diagram 18 illustrates the trends of the general
legitimate fertility rates in Glasgow, Edinburgh,
Dundee, and Aberdeen. The fall appears to have set
in about two decades later in Aberdeen than in the
other three cities. Since 1911 the curve for Glas¬
gow has been consistently highest, whilst, throughout!
most of the period under review, the Edinburgh curve
has been lowest. With these four chief cities,
which might be expected to resemble each other more
closely than obviously contrasting geographical
divisions, such as we have dealt with in previous
paragraphs, there is more evidence of each following
its individual and characteristic course, and it is
only within the last twenty years that the curves
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Diagram 18. General Legitimate Fertility
Rates in the Four Chief Cities of





General Legitimate Fertility Rates (Legitimate
Births per 1000 Married Women aged 15-45) in the
Four Chief Cities of Scotland, 1860-62 to 1956-39.
Glasgow Edinburgh Dundee j Aberdeen
1860-62 301.7 292.5 296.0 286.3
1871
I
298.3 300.9 293.9 298.2
1881 293.4 284.4 284.2 301.6
1891 283.0 265.5 281.4 301.3
1901 260.4 226.4 248.7 266.9
1912-14
1
235.1 180.6 212.4 208.9
1915-18 196.2 144.8 157 .5 165.9
1919-21 232 190 214 222
1922-25 211.5 179.3 206.9 193.0
1926-30 184.3 158.9 183 .2 172.6
1931-35 167.1 139.4 159.4 154.0




Diagram 19. General Legitimate Fertility
Rates in the Highlands and Borders of
Scotland, 1860-62 to 1937-39.
' •wo*-**, +* %c*<r *>
153.
TABLEy XXXVIII.
General Legitimate Fertility Rates (Legiti¬
mate Births per 1000 Married Women aged 15-45) in












Rate S.E. Rate S.E.
1860-62 317.4 + 2.6 314.3 + 3»2
1870-72 313.4 + 2.6 321.7 i 3.2
1880-82 329.1 + 2.7 302.3 + 2.9
1890-92 308.2 + 2.7 256.1 + 2.8
1900-02 279.2 i 2-5 218.4 + 2.7
1910-12 253.9 1 2.5 183.2 + 2.4
1917-19 a 222i 6 + 2.5 141.2 + 2.2
1920-22 247-2
•
+ 2.5 177.8 + 2.3
1923-25 a 219.6 + 2.4 163.3 1 2.3
1930-32 192.8 + 2.3 132.9 + 2.0 .
1937-39 a 174.9 + 2.1 116.2 ± 1 • 9
S.E. Standard error.
a. Rates are "based on estimated numbers
of married women aged 15-45.
In order to explain the reasons for selecting
Sutherland, Ross and Cromarty, Inverness, and Nairn
I
on the one hand, and Peebles, Selkirk, Roxburgh,and
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Berwick on trie other, for a special comparison of
their legitimate fertilities, it is necessary to
anticipate the results of section 3 of this chapter.
The analysis of the standardised, general legitimate
fertility rates for the separate counties of Scotland
for the' period 1926-35, there described, will show
that the former group of counties possessed remark¬
ably high fertility, whilst that of the latter group
was remarkably low. It was clearly of importance to
ascertain whether this difference'in fertility had
always existed in the past, and, if not, at what time
and in what manner it had developed.
Prom Diagram 19 it will be seen that both groups
stood in 1861 at about the same level of 315 per
1000. In 1881 the Highland rate rose to 329.1 and
the Border rate fell to 302.3, the difference being
statistically significant. During the decline which
followed in both groups the gap increased until, in
1911, the Border rate was 70.7 per 1000 lower than
that of the Highlands, the standard error of the
difference being only 3.5. Since then the rates for
the two groups have followed more or less parallel
courses in their descent. The difference in 1937-39
was 58.7, almost exactly 50 per cent, of the Border
rate. In other words, the Highland rate was one andj
a half times the Border rate.
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Here then we have two geographical regions which
started at the same level of legitimate fertility,
"but which have now diverged to a very great extent.
The Border group started falling first and "by 1881 its
fertility was well below that of the Highland group.
In none of the other numerous comparisons which have
been presented in this chapter has anything comparable
to this contrast been encountered. If this differ¬
ence had been between an urban and a rural community,
it would not have been so unexpected, but, as we have
already remarked, the general conditions prevalent in
the two sets of counties have many points of similar¬
ity. It Is true that the Border counties are, on
the whole, more industrialized-than the Highland ones.
Thus, for example, the indices of industrialization of
the separate counties are as follows (see p. 128):
Sutherland, 0.3; Ross and Cromarty, 0.5; Inverness,
0.7; Nairn, 0.5; Peebles, 2.4; Selkirk,7.0;
.Roxburgh, 1.9; and Berwick, 0.5. The greater indus¬
trialization of the Border region is due very largely
to the extent of the textile industry in certain of
the Border towns. It was computed from data in the
Report on the Fourteenth Decennial Census of Scotland
(1931) that, taking the four Highland counties as a
whole, 32.5 per cent, of those occupied were fishermen
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or agricultural workers and. less than one per cent,
were textile workers. In the four Border counties,
taken together, the corresponding percentages were
22.7 and 18.6 respectively. However, in view of the
failure to detect any similar divergence between the
levels of fertility in the highly industrialized great
towns and the rural areas, it seems in no way probable
that the fertility differences between Highlands and
Borders can be attributed to the textile industry in
the latter. Further, it will be shown in section 3
that Berwick, with its low index of industrialization
0.5, had, in 1926-35, in its Landward Area the lowest,
and in its Small Burghs taken together the second
lowest, standardised general legitimate fertility
rate of any county in Scotland.
The elucidation of the cause of this contrast
would seem to require a detailed knowledge of social
conditions in the two areas, which at present is not
readily available.
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(d) General Illegitimate Fertility Rates .
The proportion of Illegitimate births in Scotland
has gradually fallen from 9 per cent, about 1875 to
about 6 per cent, in 1938. Although the effect of
this change on the decline of the birth-rate must have
been Inappreciable, we have, for the sake of complete¬
ness , included tables and diagrams showing the trends
of the general illegitimate fertility rates in the
urban and rural districts, and also in the four chief
cities (Tables XXXIX and XL, Diagrams 20 and 21) .
The prominent feature of Diagram 20 is the high
illegitimate fertility rate in the country compared
with those of the various town districts. This dif¬
ference has been maintained from the days when our
records begin to the present time. Although the rate
has fallen substantially in every group, the country
curve has never at any period tended to approach the
town curves. The small Insular-Rural Group, it will
be noticed, unlike the rest of.the country, had an ex¬
tremely low illegitimate fertility rate. Its value
was only about 10 per 1000, that is, considerably less
than half the rate for Mainland-Rural.
The general illegitimate fertility rate decreased
sharply in every group during the First World War,
V
9
Diagram20.GeneralIllegitimateF tilityRatesith UrbanandRuralDivisio sofScotl nd,1860-62t 1936-39•
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resembling in this respect the general legitimate fer¬
tility rate, and, like it, rose abnormally for a short
period afterwards. During the Second World War the
tendency was for both illegitimate and legitimate fer¬
tility rates to increase.
TABLE XXXIX.
General Illegitimate Fertility Rates (Ille¬
gitimate Births per 1000 Single Women aged 15-45)












1860-62 22.9 23.6 - 24.9 a 9.2 a 23 .2
1871 24.0 22.4 24.9 27.7 10.9 24.6
1881 - 19.5 21.0 21.7 25.4 10.9 21.3
1891 16.3 16 .3 17.6 21.6 8.1 17 .5







1912-14 12.4 12 .4 16.0 13.4
1915-18 10.9 10 .2 13.8 11.5
1919-21 12.8 11 .9 16.0 13.6
1922-25 9.9 9 .2 13.3 10.8









i 8.2 12.4 9.4
j 1936-39 7 .5 1 V .1i 11.1 8.5




General Illegitimate Fertility Rates (illegi¬
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Of the four cities for which statistics are given
(Diagram 21), Edinburgh is distinguished by having, at
all times, the lowest illegitimate fertility rate.
That of Aberdeen, until about 1930, was generally the
highest. The curves for Glasgow and Dundee followed
a middle path between those of Aberdeen and Edinburgh
for many years. In recent times the figures for
<>
Glasgow, Dundee, and Aberdeen have tended to a common
level, somewhat above that of Edinburgh.
160.
3. STANDARDISED GENERAL LEGITIMATE FERTILITY
RATES: A DETAILED SURVEY OF SCOTTISH
COUNTIES AND- BURGHS, 1926-55.
(a) Preliminary.
In section 2 (c) we have employed general legiti¬
mate fertility rates in our examination of the trends
of fertility in urban and rural Scotland. Such rates,
owing to the fact that the specific fertility rate
differs markedly from age to age (as will be seen pre¬
sently) , suffer from the disadvantage that they do not
make allowance for possible variations in the age dis-
J tribution of married women within the reproductive age
span. It is desirable to allow for this effect, and
a process for standardising the general legitimate
fertility rates is therefore called for. Some early
calculations with this object in view were made by
Newsholme and Stevenson in 1905 and 1906.
It was impracticable to standardise the rates for
the entire period from 1861 onwards. The necessary
specific fertility rates at different times In the
past are not available, and the required Census data
are also lacking for certain periods . The decade
1926-35 happens to be a suitable one in several res¬
pects for carrying out a more detailed enquiry, based
on standardised rates, Into the fertility experience
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of different urban and rural areas. It is centred
approximately at the Census year 1931, thus making it
easy to get the essential Census data, and it gives a
picture of fertility in Scotland midway between the
First and Second World Wars, unaffected by the changeSj
resulting from the former.
It was impossible to use the method of direct
standardisation, for the data required in this process
were not available for the numerous geographical
e *
divisions of Scotland which it was desired to survey.
The adjustment has therefore been made by the indirect
method of standardisation referred to on page 46. The
actual arithmetical process is analogous to that em-
ployed in Chapter IV for correcting cancer death-rates
in the different geographical regions of Scotland, anc.
an. example was set forth in detail in Table XXV (p.
103).
It happens that a review was carried out by Lr
Enid Charles in 1938 of the total fertility (i.e., of
married and single women combined) in the various
counties and Large Burghs of Scotland. She adopted
as the index of fertility the gross reproduction rate
which, it will be recalled, is a measure of the
average number of female children born to a woman in
passing through the child-bearing period, it being
assumed that she does not die before the period is
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completed. In a country such as Scotland, before
1938, in which specific fertility rates were not avail
able owing to the deficiency of the information record¬
ed at the registration of a birth, these gross repro¬
duction rates could be obtained only indirectly. It
can be shown that the same figures, apart from a com¬
mon factor, are obtained by the method of regional
correction factors applied to the general total fer¬
tility rates. It follows that, if either rate be ex¬
pressed as a percentage of the corresponding rate for
Scotland as a whole, the resulting values are identi¬
cal. The close relationship between the two sets of
rates may be demonstrated in the following way.
Let us denote by Si, Si, . . . S<, the specific
fertility rates which have been selected for the pur¬
pose of indirect standardisation. (In our own investi
gation these were the rates estimated to.hold for Scot
land as a whole In 1931, but the method of indirect
standardisation can be carried out with any appropriate
set of standard rates.) Let f be the general fer¬
tility rate of the local area; m/ , mi, . . . iru, the
numbers of women in the various age-groups in the local
area;- m ( = £ me), the number of women aged 15-45
e = /
In the local area; My, Mi, . . . M<, the numbers of
women in the various age-groups in Scotland as a
6
whole; and M (» £ Me), the number of women aged
e * / .
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15-45 in Scotland as a whole.
To obtain the appropriate correction factor, we
calculate the ratio of the general fertility rate for
the whole of Scotland to the rate in the local area,
s
on the assumption that the same specific fertility
rates, namely, Si , Sz, . . . S&, hold for both. The
factor is clearly S M 9 S&
M - So
, m
Sipe be S<? M
m
Whence the standardised rate for the local area =
^ e Se
t m = mf a Se _ Tho second
zilme S« M ZUrne So M
f,actor is constant for all the areas.
The process employed by Dr Charles in estimating
the gross reproduction rates may be formulated as fol¬
lows. She assumes that the local specific rates are
proportional to the standard rates Si, Sa , . . . S*,
all modified by a common factor so chosen as to make
the number of births calculated for the local area
agree with the actual number observed. If the facto
is k, then the gross fertility rate will be kZ2S«•
But k has to be chosen so that ^TmakSe is equal to the
observed number of births, m f. Whence k =
£m« Se
Whence the gross fertility rate - , £Se, and
22,10.0 S«
the gross reproduction rate - —,— -FSe. p, where
jT* m s S 9
p is the ratio of female births to all births, and
this is presumably approximately constant for all
*
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districts.- It is clear that both indices depend
essentially on the fraction SL ; each consists
y.rri e S e
of this ratio multiplied by a factor which is constant
for all areas, and therefore does not affect the
relative magnitude of the local rates. This demon¬
strates that, if the gross reproduction rate and the
standardised value of the general fertility rate are
calculated by the use of the same set of standard
fertility rates, essentially the same set of local
values will be obtained, apart from a common factor.
It is to be observed that the fraction m —
]T]m. 9 S e
is simply the observed number of births divided by the
calculated number of births, and it is this ratio
which determines the order of the standardised general
fertility 'rates.
(The process of standardisation is, in practice,
slightly complicated by the fact that the general fer¬
tility rates commonly employed involve the ratio of
births to the number of women aged 15-45, although a
small proportion of these births are born to mothers
between 45 and 50, and a quite negligible proportion
to mothers over 50. In standardising, we calculate
the local factors employing seven, and not six, quin¬
quennial age-groups (the group 45-50 being included)
and the corresponding standard specific fertility
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rates. Thus, m Is not strictly £me, and the above
formulae, to be strictly applicable, would require to













tr is not likely to vary much as between
9*1
E1
the various districts, it will always be very nearly
Me
equal to , and so the correcting factor will
E>
$*/
always be approximately unity, and may be neglected.
Dr Charles (1938) used the■total rates, employing
all births and all women. Our survey is concerned
with legitimate rates, employing legitimate births and
married women, so that the two investigations may be
regarded as complementary to each other.
In a second paper Dr Charles (1939) worked out
certain modifications of the gross reproduction rate
which took into account the variation in the
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proportion of women at different ages who were married.
■
However, the indices she employed are different from,
and not directly comparable with, our own. Another
difference between Dr Charles' calculations and ours
is that she used as standard rates those of Sweden,
whilst we used the rates for Scotland (obtained, as
explained below, by a special investigation carried
out on the 1931'Census returns). This difference,
however, is not an important one; as Dr Charles her¬
self points out, the results are insensitive, over a
wide range, to variations in the standard rates em¬
ployed. On general grounds, however, it seemed
advisable to use the rates estimated for the whole of
Scotland at the period in question, as these were
available .
(b) Specific Legitimate Fertility Rates. Scotland,
1951, estimated from the Census Returns .
In order to obtain estimates of specific legiti¬
mate fertility rates for Scotland (required to calcu¬
late the local area correction factors), permission
was given by the Registrar-General for Scotland for
the present writer to make a special count on a sample
of approximately one tenth of the 1931 Census enumera¬
tion books. To ensure that the sample was a random
one, every tenth book,in general, was selected, and
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952 were scrutinized out of a total of 9,175. This
l
was rather more than the ten per cent, aimed at
originally, and resulted from the inclusion of a few
additional books, for example, when a county was
rather small. The population of the sample was 10.If
per cent, of the total population.
In general, the principle underlying the investi¬
gation was that adopted in the Registrar-General's
Statistical Review of England and Wales, 1922 and
1932, to make estimates of specific legitimate fertil
ity rates for England and Wales. Each child under
one year of age was noted, and when the mother could
be identified, and was married, her age also was
recorded. The child's age in months was then deducted
from the mother's age, to ascertain the latter at the
time the child was born. Unless the child's mother
could be identified in the records with reasonable
certainty, the observation was rejected. Although,
for this reason, about ten per cent, of the selections N
had to be ignored, a sample was ultimately obtained
of 7,799 legitimate children under one year, distribut
ed according to age of mother at the time of their
birth. These children, being on the average six
months old, were the survivors of the legitimate birtt
at a time, on the average, six months earlier. It
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was assumed that the death-rate of Infants is not
correlated with the mother's age, and so the distribu¬
tion of the survivors, found in the manner described i
above, was taken as the distribution of the actual
births. The number of'children in each quinquennial
age-group was then increased by a constant factor so
that the resulting sum would equal the total number of
legitimate births in 1951. Finally, specific legi¬
timate fertility rates were computed by relating the
number of children in.each age-group to the corres¬
ponding number of married females, as enumerated at
the 1951 Census.
The results, which were published in the Eighty-
Third Annual Report, for 1957, are summarised in
Table XLI. The rates for Scotland as a whole were
used as standard rates to calculate factors for cor¬
recting local area general legitimate fertility rates
The table also contains a statement of the standard
errors. These are calculated from the approximate
formula S.E. - Rate,//N, where N is the number of
observations from which the rate Is derived.
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TABLE XLI.
Specific Legitimate Fertility Rates,
Scotland, 1931.
All Scotland. Large Burghs. Small Burghs. Landward Areas.
Age-
group.
Rate. S.E. Rate. S.E. Rate. S.E. Rate. S.E.
15- 588-2 ± 35-9 541-6 ± 44-6 619-8 ± 96-8 679-6 ± 76-5
20- 386-5 ± 9-3 388-9 ± 12-3 397-6 ± 23-9 373-6 ± 17-7
25- 256-8 ± 5'3 256-9 ± 7-0 244-1 ± 12-8 262-5 ± 10-3
30- 166-1 ± 3"9 166-5 ± 5-i 134-3 ± 8-5 183-7 ± 7-8
35- 107-3 ± 3"i 108-0 ± -4-2 101-4 ± 7-5 108-9 ± 6-o
40- 35-9 ± 1-9 34-1 ± 2-5 30-6 ± 4-2 42-6 ± 3-9
45- 4-3 ± 0-7 4-1 ± 0-9 3-7 ± 1-5 4-8 ± i-3
It is interesting to record that, in the sample
taken, one married woman was found who had a child
when 48 years old, one when 49, and one when 50.
Special care was taken, in the case of these mothers
of advanced years, to verify their relationship with
the child observed.
(c) Standardisation of General Legitimate Fertility
Rates: Data and Results.
Amongst the divisions of Scotland to be employed
are clearly the Large Burghs, the Small Burghs, and
the Landward Areas, to which reference has already so
frequently been made. For further subdivision the
counties are obviously the most suitable units, as the
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available data are already, in part, arranged accord-
* \
ing to these administrative areas. We have then, ir
all, 90 districts, namely, 33 Landward Areas, 33
groups of Small Burghs, and 24 Large Burghs.
Errors resulting from the use of too small num¬
bers have been reduced by the use of a ten-year
period, namely, the decade 1926-35. The total legi¬
timate births for these ten years were calculated
from official sources (the Annual Reports concerned)
for the 90 districts separately. The distributions
of married women used were those given by the Census
of 1931. For our purpose it was desirable to employ,
not the numbers as enumerated, but the numbers per¬
manently resident in the district. A substantial
discrepancy between this number and the figure
enumerated is occasionally found. In Bute Small
Burghs (Rothesay and Millport), for example, the
enumerated married women aged 15-45 exceeded the
resident by 34.7%. The resident population of mar¬
ried women arranged according to age, for the various
districts, has not been published, but, by the cour¬
tesy of the Registrar-General, we have been enabled t
calculate them from data available in the Register
House. The calculation of the actual number of
births in the districts during the decennial period
also involved a number of minor adjustments, most of
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which were occasioned by the changes in classification
of Burghs which were introduced in 1931. The results
I
are presented on the basis of the local areas as these
were in that year.
The observed and standardised general legitimate
fertility rates of the various counties of Scotland
are shown in Tables XLII and XLIII respectively.
The corresponding rates for the 24 Large Burghs are
presented in Table XLIV. Each table contains not
only the general fertility rate, but also its value
in terms of Scotland as 100, and its standard error.
The geographical distribution of the standardised
rates for the Landward Areas and the Small Burghs is
represented pictorially in Diagrams 22 and 23.
It will be seen that the effect of standard¬
isation is, in some instances, considerable. Thus,
in the case of Small Burghs, Argyll, which in the un-
standardised list is seventh in rank with a value of
171.5, rises to second place (value 188); Ross and
Cromarty (unstandardised 155.6, standardised 174)
rises from eighteenth to eighth place; whilst Orkney
(unstandardised 138.3, standardised 154) rises from
twenty-eighth to twenty-second place-. Similar change
are shown by the Landward Areas: Argyll, for instance
rises from twenty-first to tenth place. In the case
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TABLE XLII.
• Observed General Legitimate Fertility Rates,
[" " Counties of Scotland, 1926-1935.











Aggregate 157-3 ± 0-5 92-6 179-9 ± 0-4 105-9
Aberdeen 144-3 ± i-8 84-9 25 190-8 ± 1-4 112-3 8
Angus . 140-8 ± 2-0 82-9 26 167-1 ± 2-2 98-3 22
Argyll . 171-5 ± 3-1 100-9 7 168-1 ± 2-4 98-9 21
Ayr 157-5 ± 1-3 92-7 16 182-8 ± 1-2 107-6 12
Banff . 177-1 ± 2-4 104-2 3 198-4 ± 3-0 116-8 4
Berwick 128-3 ± 4-5 75-5 32 138-8 ± 2-6 81-7 32
Bute 155-4 ± 4-4 91-5 19 144-6 ± 5-3 85-1 29
Caithness 203-4 ± 4-5 119-7 1 187-3 ± 4-o IIO-2 10
Clackmannan 148-9 ± 2-5 87-6 22 157-8 ± 3-7 92-9 25
Dunbarton 159-7 ± 2-5 94-0 11 171-3 ± 1-8 100-8 17
Dumfries 148-8 ± 3-3 87-6 23 169-7 ± 2-0 99-9 20
East Lothian . 172-8 ± 2-8 101-7 5 166-0 ± 2-5 97-7 24
Fife 145-7 ± 1-2 85-7 24 171-2 ± 1-2 1-00-8 18
Inverness 184-1 ± 7-7 108-3 2 205-3 ± 2-3 120-8 3
Kincardine 155-1 ± 4-7 91-3 20 186-8 ± 3-2 109-9 11
Kinross 171-7 ± 8-5 IOI-I 6 153-7 ± 5-9 90-5 26
Kirkcudbright 158-6 ± 4-1 93-3 13 178-9 ± 3-1 105-3 15
Lanark 156-9 ± 4-6 92-3 17 192-0 ± o-8 113-0 6
Midlothian 158-8 ± 2-0 93-5 12 1700 ± 1-8 IOO-I - 19
Moray 158-1 ± 2-8 93-o 14 193-2 ± 3-3 113-7 5
Nairn . 169-5 ± 7-i 99-8 8 2IO-2 ± 7-8 123-7 2
Orkney 138-3 ± 5-5 81-4 28 I7I-4 ± 3-5 100-9 16
Peebles .133-4 ± 4-1 78-5 3° 134-5 ± 4-6 79-2 33
Perth . 152-6 ± 2-8 89-8 21 I52-9 ± 1-7 90-0 27
Renfrew 166-5 ± 1-7 98-0 9 I5I-6 ± 1-7 89-2 28
Ross and Crom¬ 155-6 ± 4-1 91-6 18 2I5-0 ± 2-5 126-5 1
arty
Roxburgh 136-2 ± 2-3 80-2 29 143-3 ± 2-8 84-3 31
Selkirk 120-0 ± 2-5 70-6 33 143-7 ± 6-2 84-6 39
Stirling I63-7 ± 2-3 96-3 10 181-9 ± 1-5 107-1 13
Sutherland 138-7 ± 15-0 8l-6 27 191-0 ± 4-2 I 12-4 7
West Lothian. I74-0 ± 2-2 102-4 4 189-6 ± 1-9 111-6 9
Wigtown 157-7 ± 3-8 92-8 15 181-3 ± 3'2 106-7 14
Zetland 129-5
'
± 6-o 76-2 31 166-5 ± 3-7 98-0 23
of the Large Burghs, the change of order on standard¬
isation is not so marked. It is of interest to
notice that the four Border counties, Berv/ick, Roxburgh,
^ Standardised General Legitimate Fertility Rates, Landward Areas of
Scotland, 1926-1935. (The general legitimate fertility rate of Scotland, 1926-1935,
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Aggregate . 160 ± 0-5 94-2 182 ± 0-4 107-2
Aberdeen . 138 ± 1-8 8I-3 30 183 ± i*4. 107-7 13
Angus 149 ± 2-2 87-6 27 173 ± 2-2 ioi-8 19
Argyll 188 ± 3"3 110-4 2 188 ± 2-7 1 io-8 10
Ayr . 160 ± 1-3 93'9 17 178 ± 1-2 104-7 . 17
Banff 177 ± 2-4 104-1 6 199 ± 3'° 117-2 5
Berwick 133 ± 4'7 78-3 32 147 ± 2-8 86-5 33
Bute . 165 ± 4"7 97-o 13 160 ± 5-8 93'9 28
Caithness . 194 ± 4'3 114-2 1 194 ± 4*2 114*3 7
Clackmannan 150 ± 2-6 88-5 26 157 ± 3-7 92-5 29
Dunbarton . 170 ± 2-6 ioo-o 10 179 ± 1-9 105-4 16
Dumfries 153 ± 3-4 89-9 23 173 ± 2-0 ioi-6 20
East Lothian 169 ± 2-7 99-6 11 166 ± 2-5 97-7 26
Fife . 145 ± 1*2 85-4 28 168 ± 1-2 98-6 24
Inverness . 186 ± 7'7 109-5 3 235 ± 2-7 I38-3 2
Kincardine 157 ± 4-8 92-4 21 186 ± 3-2 109-6 11
Kinross 178 ± 8-8 104-6 5 168 ± 6-5 99-0 25
Kirkcudbright 160 ± 4-1 94*3 18 181 ± 3'i 106-6 14
Lanark 158 ± 4-6 92-7 20 191 ± o-8 112-3 9
Midlothian 162 ± 2-0 95-2 15 169 ± i-8 99-6 23
Moray 163 ± 2-9 95'9 14 193 ± 3*3 113-6 8
Nairn 180 ± 7-5 105-7 4 223 ±8-3 131-4 3
Orkney 154 ± 6-1 90-8 22 172 ± 3*5 ioi-i 21
Peebles 136 ± 4-2 80-2 31 150 ± 5-i 88-4 32
Perth 160 ± 2-9 93"9 19 161 ± 1-8 94-7 27
Renfrew 175 ± 1-8 103-0 7 171 ± 2-0 100-5 22
Ross and Croma 174 ± 4-6 102*2 8 255 ± 2-9 149-9 1
Roxburgh . 141 ± 2-4 83-1 29 154 ± 3'c 90-8 31
Selkirk 128 ± 2-7 75-6 33 157 ± 6-7 92-5 30
Stirling 162 ± 2-; 95'3 16 176 ± 1-2 i°3-7 18
Sutherland 168 ± 18- 98-9 12 205 ± 4*. 120-6 4
West Lothian 172 ± 2- loi-o 9 185 ± i-<) 108-8 12
Wigtown 153 ± 3- 90-2 24 181 ± 3" 2 106-7 15
Zetland 152 89-4 25 196 ± 4* 3 115-6 6
Peebles, and Selkirk, are at the foot of all the table:
Landward or Small Burghs, standardised or unstandard-
ised.
i
Standardised General Legitimate Fertility Rates, Small Burghs of
Scotland, 1926-1935. (The general legitimate fertility rate of Scotland, 1926—1935,
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Aggregate 168-2 ± 0-2 99-0 167 ± 0-2 98-0
Glasgow . 173-9 ± 0-4 102-3 8 172 ± 0"4 101-4 8
Edinburgh 146-8 ± o-6 86-4 22 149 ± o-6 87-5 21
Dundee . 166-5 ± o-9 98-0 12 164 ± 0-9 96-3 14
Aberdeen 159-0 ± 0-9 93-6 17 153 ± 0-9 90-2 18
Paisley 172-2 ± i-3 101-3 9 172 ± 1-3 101-5 9
Greenock 195-5 1 ± i-5 115" 1 5 189 ± i-5 1 I 1-2 5
Motherwell and -
Wishaw 183-6 ± 1-6 108-1 7 179 ± i-5 105-6 7
Clydebank 168-9 ± 1-8 99-4 11 170 ± 1-8 ioo-o 10
Kirkcaldy 148-7 ± 1-7 87-5 21 149 ± 1-7 87-9 22
Coatbridge 212-1 1 ± 2-1 124-8 2 204 ± 2*0 119-9 2'
Kilmarnock 160-4 ± 1-9 • 94-4 16 156 ± 1-9 92-1 16
Hamilton 199-7 ± 2-2 117-5 3 187 ± 2-0 1IO-I 6
Ayr 166-3 ± 2-0 97-9 13 160 ± 2-0 94-3 15
Falkirk . I59-0 ± 1-9 93-6 18 152 ± 1-9 89-2 20
Dunfermline 139-3 ± 1-8 82-0 24 147 ± 1-9 86-3 24
Perth 145-0 ± 2-0 85-3 23 148 ± 2-0 87-3 23
Airdrie 197-3 ± 2-6 116-1 4 192 ± 2-5 112-9 3
Rutherglen I50-9 ± 2-4 88-8 20 154 ± 2-4 90-6 17
Dumfries 155-7 ± 2-5 91-6 19 152 ± 2-.4 89-2 19
Stirling 172-1 ± 2-7 101-3 10 165 ± 2-5 96-9 12
Inverness . 163-3 ± 2-7 96-1 H 165 ± 2-7 97-1 11
Dumbarton 183-7 ± 2-c 108-1 6 189 ± 2-9 11 i-o 4
Port-Glasgow 220-3 ± 3-2 129-7 1 211 ± 3-1 124-4 1
Arbroath .
'
163-2 ± 3-1 96-0 15 164 '± 3-1 96-7 13
When the rates are expressed in terms of that of;
Scotland as a whole, there is a difference, between
standardised and unstandardised, of 5-10$ in 8 _out of
the 33 counties, in the case of Small Burghs, and of
over 10% in 3. For the Landward Areas, the corres¬
ponding figures are 7 and 5 respectively. Tv/o Large
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Burghs show changes of over 5%. .
The standardised rates for the aggregates of
Small Burghs, Large Burghs, and Landward Areas are
160, 167, and 182 respectively, that of the whole of
Scotland being 169.9. The lowest rates are found in
the Small Burghs of Selkirk (128) and Berv/ick (133),
whilst the highest are in the Landward Areas of Ross
and Cromarty (255) and Inverness (235). The Large
Burghs also exhibit a very considerable range, from
Dunfermline with 147 to Port-Glasgow with 211.
Two main points emerge from Tables XLII and
XLIII (Diagrams 22 and 23). First, fertility is
greater in the Landward districts than in the Small
Burghs, not only throughout Scotland as a whole, but
also in almost every single county. Where the order
is disturbed, as in the case of East Lothian, the total
number of births involved is not large enough for the
results to be significant. Secondly, the Landward
Areas show a fairly regular sequence in their fertili¬
ties . The highest value is found in Ross and Cromarty.
On moving northwards, or southwards and eastwards,
from this point, we observe progressively lower values
Thus, the lowest fertilities are in the south and east ;
in Roxburgh, Peebles, Selkirk, and Berwick. A paral¬
lel tendency is noticeable in the case of the Small
Burghs, but the regularity is not so great. The
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Large Burghs are not sufficiently widely distributed
throughout Scotland to enable any analogous conclu¬
sions to be drawn. But it is of interest to note
that the ten Burghs with the largest fertility rates
are all at the western end of the industrial belt,
whilst the seven of lowest fertility are either on th£
j eastern seaboard or in the extreme south (Dumfries).
The case of Ross and Cromarty (Landward Area) is
of special interest. The, fertility rate, either
crude or standardised, is the highest of all, and it
is also peculiar in that the effect of the correction
V
is greater than for any other. This large correction
is a consequence of the fact that the average age of
i the married women in this county is abnormally high,
which, in turn, is, at least partly, due to the cir¬
cumstance that the average age of marriage is unusual¬
ly great, a peculiarity pointed out by Dr Charles in
her discussion of Scottish total fertility. Now
this high average age at marriage, which is charac¬
teristic of all the crofting counties, means that
women of age, say 35, will, on the average, have been
married a considerably shorter time than their con¬
temporaries elsewhere in Scotland. The fertility
| rates for Swedish women reproduced in Table IX (p. 52)
classified in respect both of age and duration of
marriage, show that, up to age 35, the duration of
177 .
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marriage is even more Important than age. A conse-
quence of the great importance of duration of marriage
is that, other things being equal, these Ross and
Cromarty women, simply because of their later mar¬
riages, would appear to be unusually fertile. This
would be the case even though their real fertility,
the fertility rates considered as functions of both
age and duration of marriage, was no greater than that
of the rest of Scotland. This does not, of course,
alter the fact that the age specific fertility rates
of these women are abnormally high, but it does sug¬
gest an explanation for this peculiarity.
This example illustrates the disadvantage of
analysing fertility in terms of the age of women alone
and emphasises the importance of the official statis¬
tics being so presented that the effect of duration
of marriage can also be taken into account. At the
present time, as far as we know, this can be' done
only in the case of the special Swedish statistics
j referred to above.
(d) Discussion.
Amongst the more noteworthy features revealed by
the present investigation is the relatively low fer¬
tility of the Small Burghs as compared with the Land¬
ward Areas, not only in Scotland as a whole, but also
178.
In the great majority of -the counties taken separate¬
ly. Of the four cities, Glasgow and. Dundee have
fertilities of intermediate value, but Edinburgh and
Aberdeen are less fertile than the average Small
Burgh. The other Large Burghs show considerable
variation, those in the west being, in general, much
more fertile than those in the east. There is no
striking deficiency in the fertility of the large
towns as compared with that of the rural areas, such
as is a marked characteristic of many industrialized
countries - for example, the United States or Germany.
In this respect Scotland resembles England and Wales.
There is thus little evidence that the decrease of
fertility in Scotland is In any direct way to be
associated with the progressive urbanisation to which
the country has been subjected. Indeed, it would
seem to be a reasonable expectation that, if the large
cities and other Large Burghs were replaced by
numerous Small Burghs of semi-rural aspect, the fer¬
tility would be even lower than it is at the present
time .
i
The results presented in tnis study may be re¬
garded as complementary to those of Dr Charles. This
author has concentrated attention on total fertility,
and has made it clear that, in relation to this, the
degree of nuptiality Is a very important factor,
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fertility "being low when there is a large percentage
of unmarried, women in the community. This would seen,
to he an important factor in reducing the total fer¬
tility in textile manufacturing districts, where many
women are employed in mills, and where, in consequence,
there is an unusually high proportion of single women.
It is interesting to notice that, in the case of legi¬
timate fertility, this is low in some textile dis¬
tricts, sucn as Selkirk, hut high in others' - for
example, Paisley.
The investigation carried out in this section
makes it clear that-the standardisation of the general^
legitimate fertility rates does not introduce any very
profound change in the picture provided hy the un-
standardised rates. In particular, the contrast
between the Highland and Border counties referred to
in section 2 (c) remains an outstanding one; indeed
the effect of standardisation is definitely to magnify
the difference in their fertility rates. The stan¬
dardised rates of the various divisions show no more
relation to the degree of urbanisation than do the
crude rates. It seems probable that the picture of
the trends of fertility in the various regions, as
given in sections 2 (b) and 2 (c) on. the basis of the
unstandardised general fertility rates, would not be
substantially modified if all these rates had been
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standardised In respect of the age distribution of the
mothers. These results may, therefore, he taken as t.
reliable representation of the course of fertility in
the various urban and rural divisions of Scotland dur¬




The official registration of births, deaths, and
marriages in Scotland was commenced in 1855. During
the early years a slight rise in the birth-rate took
place, but this is attributable to the defective
*
registration during the initial period following its
introduction. The birth-rate then remained at ap¬
proximately 35 per 1000 up to about 1880. From then «,
onwards, like the birth-rate in many other countries,
it declined more or less steadily until, in 1936-40,
its value was only 17.6. There are reasons for
believing that before the days of official registra¬
tion the Scottish birth-rate may have continued for a
\
century or more in the neighbourhood of 35 per 1000.
i
An indication has been given of the probable
trend of the death-rate in Scotland in pre-registra-
tion days. The method of reconstructing these early
rates is based on somewhat speculative assumptions,
but it seems certain that the death-rate began to
i
decline much earlier than the birth-rate. It is
probable that a general fall in mortality took place
in Scotland from about 1750 to 1820, and that a perio
;of relative constancy preceded the modern fall which
set in about 1875".
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Against this "background a study has been made of
various aspects of mortality and fertility in the urban
and rural divisions of Scotland, since 1855.
In the decades immediately following the intro¬
duction of official registration (in 1855) the crude
death-rates were much higher in the urban than in the
rural divisions, and considerably higher in the
larger than in the smaller towns. During most of th<
period which has been studied the death-rate has been
falling, and the fall has been relatively steeper in
the towns thqn in the country, so that the gap is now
much less than it was formerly. In 1936-38, however,
an appreciable gap still remained between the level of
mortality in the. Large Burghs and that in the Landwarc.
Areas. Standardised rates are given from 1911 on¬
wards,- and it appears that the effect of standardisa¬
tion is to increase the difference between town and
country, in consequence of the town populations being,
in general, younger than those of the country.
Tables of specific death-rates are given for the
"Town" and "Country" districts of Scotland for various
calendar periods from 1871 onwards. When these were
analysed by Kermack, McKendrick, and McKinlay's method,
it was found that the Diagonal Law, previously
i
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demonstrated, by these writers for the population of
Scotland as a whole, as well as for certain other
European countries, holds for these two subdivisions
of the community.
Reasons have been given for the view that the
generation mortality coefficients may be taken as a
rough measure of the "healthiness" of the environmental
conditions which obtained during the childhood of the
generation to which they refer. This affords a basis
for the comparison of the healthiness of the environ¬
ment of town and country at different periods in the
past.
Whereas in the earlier half of the nineteenth
century the ratio of the generation mortality coeffi¬
cient in the country to that in the town was in the
neighbourhood of 0.6, indicating that the health
conditions in the country might be said to be almost
twice as good as in the towns, in 1931 it had risen
to almost unity, showing that by that time the town
had almost if not quite made up on the country. This
gives a verdict more favourable to the town than woulc.
be arrived at by an inspection of the crude or stan¬
dardised death-rates. During this period both town
and country conditions showed remarkable improvements,
which are reflected in falls of the respective genera¬
tion mortality coefficients - from over 12 in the
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country, and. from about .20 in the town, in 1841, to a
common level of about 4.7 in 1921.
The essential vagueness of the conception of the
healthiness of an environment has been emphasized.
It is necessary, consequently, not to attach too great
importance to the exact numerical results, but the
conclusion seems justified that, broadly speaking, the
urban regions of Scotland are now almost if not quite
as healthy, especially for the younger age-groups
(excluding infants), as the rural areas.
The infantile death-rates of the various groups
were compared with a view to ascertaining to what
extent they confirmed the results found by means of
the generation mortality coefficients. Infantile
mortality in the Principal Towns or Larger Burghs has
always greatly exceeded that of the country, and has
always been higher in the larger than in the smaller
towns.
A significant fall in infant mortality did not
set in till about 1900, that is, about a quarter of
a century after improvement in general mortality had
begun*, and there is evidence that a definite improve¬
ment in the infantile death-rate of the rural areas




The percentage ratio of the infantile death-rate
in the country to that in the town (using for this
comparison the largest type of town or burgh) has
slowly increased from about 60 in 1881-85 to 77 in
1936-40.
At first sight the trend of infantile mortality
does not conform to the conclusions deduced from a
study of the generation mortality coefficients. It
is suggested, however, that the health of infants
during the first year of life may depend not so much
on their general environment, but rather on the healtn
of the mother. This suggestion affords a ready
explanation of the facts that (1) the onset in the
fall in infant mortality did not occur till about a
generation after the fall in general mortality had set
in, (2) that the country infant mortality started to
fall fully a decade later than that of the town (just
as the country generation mortality coefficient
started to fall about a decade later than the town
generation mortality coefficient), and (3) that the
ratio of country to town infant mortality is still
well below unity.
A detailed survey has been made of the cancer
mortality statistics for Scotland during the period
from 1931 to 1937 inclusive. In order to obtain
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evidence as to what extent the urban excess in cancer
mortality is real, the analysis was carried out in
respect of both location of tumour and geographical
region.
Of the various locations, the greatest urban
excess is shown by cancer of the respiratory tract;
this is considered to be largely, though probably not
entirely, due to better diagnosis and more accurate
certification of deaths in the cities. Next come the
buccal cavity and uterus; in both these locations
certification is likely to be relatively accurate, so
that a real excess would seem here to be present. The
other accessible locations, the skin and the female
breast, do not show significant urban excesses, but
the numbers are small, and the existence of a real
urban excess is not excluded. The results are in
general agreement with those of the English experience
1911-20.
Further analysis of the data presented by Russell
for Scotland, 1923-8, reveals an excess in the indus¬
trial counties of deaths for cancer of the buccal
cavity, and perhaps a smaller one for cancer of the
female breast. These data are, therefore, not incon¬
sistent with our findings.
As compared with the period 1921-30, the figures
for 1931-7 demonstrate, for ages 25-65, a marked
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improvement in cancer of the "buccal cavity and uterusj.
A recorded fall in cancer of the digestive organs may,
in part, be due to more accurate certification in
respect of the primary location. The failure of
mortality from "breast cancer to fall may "be due to
the same cause. The large increase in lung cancer
is almost certainly due, in part, to better diagnosis.
| For all sites together, the cancer mortality between
ages 25 and 65 remained constant for men, and fell
by Q% in the case of women. The standardised rate
for all ages and both sexes combined - increased by
1.3$, a rise which is 2.2 times its standard error. >
The urban excess; cannot be entirely explained as
due to incomplete certification in the rural areas.
The implied effect of social and industrial environ¬
ment in stimulating'tumour growth is in harmony with
the known facts regarding occupational and social
cancer, and emphasizes the importance which the con-
1 trol of adverse environmental factors may have in the
reduction of cancer incidence.
Whereas the crude birth-rate in the country has
I always been lower than that of the Principal Towns
(or Larger Eurghs), the reverse holds good in the case
of the general total and general legitimate fertility
rates . These have always been higher in the country
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Tlie position of the intermediate types of smaller
towns and "burghs has varied, "but it is noteworthy that
during the last twenty years fertility in the Smaller
Burghs has been definitely lowest, whether measured
by the crude birth-rate, the general total fertility
rate, or the general legitimate fertility rate.
A somewhat unexpected feature of fertility in
. \
Scotland is that the decline started almost simul¬
taneously in the various urban and rural divisions of
the country, with one major exception which we shall
refer to later.
Not only did the fall begin almost simultaneously
in the various geographical divisions, but the curves
representing the rates have followed very nearly paral¬
lel courses, throughout the whole period.
A comparison of the fertility experience of
Sutherland, Ross and Cromarty, Inverness, and Nairn
on the one hand, and Peebles, Selkirk, Roxburgh, and
Berwick on the other, reveals a major departure from
the general rule that fertility started to decline
simultaneously in the various urban and rural dis¬
tricts , and that the rate of fall has been uniform
throughout Scotland. The rates for these two groups )
were originally at about the same level, but the Border
rate began to fall rather earlier, and decreased with !
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such rapidity that in 1937-59 it was only two-thirds
of the Highland rate. A satisfactory explanation of
this remarkable difference has not been found, and
calls for further investigation.
The general legitimate fertility rates for three
of the four chief cities started to decline about the
same time, but the beginning of the fall in Aberdeen
\ !
was delayed about twenty years. After this delay,
the decline proceeded at about the same rate as in th
other three cities. Throughout most of the period w<
have studied the Edinburgh rate has been lowest.
A special investigation has been carried out on
the 1931 Census returns in order to obtain estimates
of the specific legitimate fertility rates for Scot¬
land at that date.
/
General legitimate fertility rates, standardised
indirectly by means of these specific rates, were com-
puted for the Landward Areas and groups of Small
Burghs in each county of Scotland, and also for the
Large Burghs separately, for the decade 1926-35.
In general, the Landward Areas show the greatest
legitimate fertility, and the Small Burghs the least,
whilst the Large Burghs are intermediate. In the
Landward Areas legitimate fertility is greatest in
[Ross and Cromarty, and decreases fairly regularly
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southwards and eastwards, as well as to the north. A
somewhat parallel trend is observed for the Small
Burghs, though, in this case, the results are somewhat
less regular. The lowest fertilities are found in
the Small Burghs to the south-east, e.g., in Berwick¬
shire .
It is evident from these results that fertility
in the various areas in Scotland does not depend to
any great extent on the degree of urbanization. Uor
does the fall in fertility appear to have proceeded
in the towns with any greater rapidity-, or at an ear-
lier date, than in the more rural areas. The greatest
contrast encountered is actually between the two very
similar Highland and Border groups of counties, and
the factors which have caused such local differences
must be sought for in particular features of the
social life of the community. In Scotland, urbaniza¬
tion in itself does not appear to have resulted in \
outstandingly low .fertility. For every index used,
the Large Burghs are at present more fertile than the
Small Burghs, and it is the latter type of community
rather than the large towns which would appear parti¬




Abstract of the Answers and Returns Made pursuant to
an Act passed in the Eleventh Year of the Reign
of His Majesty King George IV, intituled, "An
Act for taking an Account of the Population of
Great Britain, and of the Increase or Diminution
thereof," Vol. I. M.DCCC.XXXI. Printed
April 1853.
Annuaire International de Statistique, II. Mouvement
de la population (Europe). La Haye, 1917.
P. viii. v
\
Annual Reports of the Registrar-General for Scotland,
1931 to 1937 inclusive. Table 28 in each
Volume .
Charles, E., 1938. Transactions of the Royal Society
of Edinburgh, Vol. LIX. Pp. 371-83. |
Charles, E., 1939. Transactions of the Royal Society
of Edinburgh, Vol. LIX. Pp. 673-86.
Crew, F. A. E., 1937. Report of the Annual Meeting
of the British Association for the Advancement of
Science. P. 95.
Dunlop, J. C., 1930. Transactions of the Medico-
Chirurgical Society of Edinburgh, 1929-30.
P. 81.
Eighty-Fourth Annual Report of the Registrar-General
for Scotland, 1938. P. lx.
! Eighty-Ninth Annual Report of the Registrar-General
for Scotland, 1943. P. lxxix.
Eighty-Third Annual Report of the Registrar-General
for Scotland, 1937. P. li.
Fifty-First Detailed Annual Report of the Registrar-
General of Births, Deaths, and Marriages in
Scotland (Abstracts of 1905) .
Fifty-Sixth Detailed Annual Report of the Registrar-
General of Births, Deaths, and Marriages in
Scotland (Abstracts for 1910).
192.
Forty-Seventh Detailed Annual Report of the Registrar -
General of Births, Deaths, and. Marriages in
Scotland. (Abstracts of 1901). P. lxxiv.
Griffith, G. T., 1926. Population Problems of the
Age of Malthus.
Kermack, W. 0., McKendrick, A..G., and McKinlay, P. L,,
1934a. Lancet, I. P. 698.
Kermack, W. 0., McKendrick, A. G., and McKinlay, P. L.,
1934b. Journal of Hygiene, Vol. XXXIV. P. 433.
King, G., and Newsholme, A., 1893. Proceedings of
the Royal Society, Vol. LIV. P. 209.
Kuczynski, R. R., 1935. The Measurement of Popula¬
tion Growth.
Lewis, C. J., and Lewis, J. N., 1906- Natality and
Fecundity. Table XIV, p. 29.
Newsholme, , A., and Stevenson, T. H. C., 1905.
Journal of Hygiene, Vol. V. Pp. 175-84 and
304-10.
Newsholme, A., and Stevenson, T. H. C., 1906.
Journal of the Royal Statistical Society, Vol.
LXIX. Pp. 34-87.
Pearl, R., 1930. Introduction to Medical Biometry
and Statistics. P. 274.
Registrar-General's Decennial Supplement, England and
Wales, 1921. Part II. Occupational Mortality,
Fertility, and Infant Mortality.
Registrar-General's Decennial Supplement, England and
Wales, 1921. Part III. Estimates of Popula¬
tion, Statistics of Marriages, Births and Deaths
1911-20. Published 1933.
Registrar-General's Decennial Supplement, England and
Wales, 1931. Part Ila. Occupational Mortality.
Registrar-General's Statistical Review of England and
Wales for the Year 1922. Text. P. 137.
Registrar-General's Statistical Review of England ana
Wales for the Year 1932. Text. P. 135.
193.
i
Registrar-General's Statistical Review of England and
Wales for the Year 1940. Tables. Part II.
Civil.
Registrar-General's Statistical Review of England and'
Wales for the Year 1941. Tables. Part I.
Medical.
Report on the Fourteenth Decennial Census of Scotland
(1931). Vol. I, Tables 16, 17, 18, and 19 (Age
and Conjugal Condition) in each Part, Table 22
(Occupations) and Table 23 (Industries) in each
Part; Vol. II, Tables 32 and 37 (Age and Con¬
jugal Condition in various geographical Divi¬
sions) .
Russell, W. T., 1931.
P. 563.
Journal of Hygiene, Vol. XXXI
Seventeenth Detailed Annual Report of the Registrar-
General of Births, Deaths, and Marriages in
Scotland (Abstracts of 1871).
Seventy-Eighth Annual Report of the Registrar-General
for Scotland, 1932.
Sinclair, Sir John, 1791-99. The Statistical Account
of Scotland. 21 Volumes.
Sinclair, Sir John, 1826.
Account of Scotland.
Analysis of the Statistical
Statistisk Arsbok for Sverige, 1937.
Supplement to the Seventy-Eighth Annual Report of the
Registrar-General for Scotland. Part II.
General Tables. Published 1936.
[Webster, Rev. Alexander. An Account of the Number o
People in Scotland in the Year One Thousand Sever}
Hundred and Fifty-five. (Manuscript copy in
National Library, Edinburgh.)
|Wicksell, S. D., and Q,uensel, C.-E.
1938 : 24 (Stockholm).
Statens Off. Utr.
Yule, G. TJ., 1934. Journal of the Royal Statistical





The Population of Scotland, at various Times







Sinclair (1826, pp. 148-9)
Parliamentary Reports (see















1921 4 ,882 ,4-97
1 1931 4,842,980
1939 5,006,700
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The figure beneath the population of * i
la the percentage ratio o?I? each town
that of the entire country. ^ p°pulation to
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TABLE C.
A List of all the Principal Towns and. Larger
(or Large) Burghs of Scotland, at various Periods,
with their Population at the 1931 Census.
8 15 18 16 16 24
j Principal Principal Larger Larger Larger Large Census
1 'Towns , Towns, Burghs, Burghs, Burghs, Burghs, Population
1871 1910 1911-12 1913-20 1921-30 1931
'
1931
Glasgow Glasgow Glasgow Glasgow Glasgow Glasgow 1,088,461
Edinburgh Edinburgh Edinburgh Edinburgh Edinburgh Edinburgh 439,010
Dundee Dundee Dunde e Dundee Dundee Dundee 175,585
Aberdeen Aberdeen Aberdeen Aberdeen Aberdeen Aberdeen 167,258
Paisley Paisley Paisley Paisley Paisley Paisley 86,445
\ 1 C-reenock Greenock Greenock Greenock Greenock Greenock 78,949Leith Leith Leith Leith a - -
Perth ; >erth :■>erth Perth Perth Perth 34,807
Partick j Partick a - - -
Govan Govan a - - -
Kilmarnock Kilmarnock Kilmarnock Kilmarnock Kilmarnock 38,100
Coatbridge Coatbridge Coatbridge Coatbridge Coatbridge 43,056
Hamilton Hamilton Hamilton Hamilton Hamilton 37,862
Motherwell Motherwe11 Motherwell Motherwell Motherwell
64,710& Wishaw & Wishaw
Kirkcaldy Kirkcaldy Kirkcaldy Kirkcaldy Kirkcaldy 43,874
Falkirk Falkirk Falkirk Falkirk 36,566




























a. See p. 24.
